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ABSTRACT 


Recent  design  studies  have  indicated  that  the  stoppable  rotor 
aircraft  concept  offers  a  very  effective  solution  for  satis¬ 
fying  V/STOL  missions  requiring  a  combination  of  relatively 
low  downwash  characteristics,  good  hv^^er  efficiency,  and 
relatively  high  cruise  speeds  and  crui::e  efficiency.  In  par¬ 
ticular,  the  stowed- tilt- rotor  stoppable-rotor  concept  offers 
great  potential  for  three  missions:  1)  high-speed  long-range 
rescue,  2)  capsule  recovery,  and  3)  VTOL  medium  transport. 

The  Boeing  Company,  under  USAF  Flight  Dynamics  Laboratory 
Contract  F33615-69-C-1577,  is  conducting  a  program  of  para¬ 
metric  design,  analysis,  and  wind-tunnel  testing  to  establish 
design  criteria  for  the  stowed-tilt-rotor  stoppable-rotor 
concept. 

The  program  is  being  conducted  in  two  phases.  Phase  I  coders 
parametric  design  studies  to  provide  basic  information  on  the 
size  and  configuration  of  aircraft  required  to  fulfill  three 
basic  mission  requirements  and  two  multimission  requirements. 
These  parametric  studies  provide  an  appreciation  of  the  com¬ 
promises  which  result  from  multimission  application.  A  base¬ 
line  aircraft  is  then  selected  to  provide  a  basis  for  various 
tradeoffs  and  preliminary  component  design  studies.  The  Phase 
I  studies  provide  the  background  needed  to  plan  the  Phase  II 
program  of  wind  tunnel  testing  and  analysis  to  establish  design 
criteria  for  the  stowed-tilt-rotor  concept. 

Volume  1  of  this  report  covers  the  first  part  of  the  Phase  I 
studies  including  the  basic  mission  designs,  the  multimission 
designs,  the  selection  of  a  baseline  aircraft,  the  basic  char¬ 
acteristics  of  this  baseline  aircraft,  and  mission  and  technol¬ 
ogy  tradeoffs.  Volume  2  covers  the  preliminary  component  design 
studies . 

The  current  study  indicates  that  there  is  reasonable  compati¬ 
bility  between  the  rescue  and  capsule  recovery  aircraft  because 
their  speed  capabilities  and  required  useful  loads  are  similar. 
However,  a  much  larger  aircraft  is  required  to  accommodate  all 
three  missions,  (A  reduction  in  cargo  box  size  for  the  trans¬ 
port  mission  can  however  provide  a  single  compromise  airframe 
size.)  Consequently,  a  baseline  configuration  has  been  selected 
with  a  common  lift/propulsion  system  combined  with  different 
•Fuselages  for  rescue  aircraft  and  medium  transport  aircraft. 

The  compromise  made  in  the  transport  fuselage  box  size  still, 
provides  a  capacity  in  excess  of  most  current  medium  transports, 
both  helicopter  and  fixed-wing.  The  preliminary  component  de¬ 
sign  studies  have  generally  confirmed  the  practicality  of  the 
concept  and  have  not  revealed  any  serious  problem  areas . 
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SECTION  I 


INTRODUCTION 


VTOL  concepts  which  retain  the  helicopter's  advantage  of 
relatively  low  disc  loading  without  overly  compromising  the 
high-speed  cruise  characteristics  ha/e  shown  promise  of  high 
effectiveness  in  certain  mission.  Many  comparative  studies  in 
recent  years  have  pointed  to  the  stoppable  rotor,  and  in  par¬ 
ticular  to  the  stowed  tilt  rotor,  as  the  concepts  providing 
the  greatest  potential  for  three  missions:  1)  high-speed  long- 
range  rescue,  2)  capsule  recovery,  and  3)  VTOL  transport. 

The  stowed -tilt-rotor  concept  hovers  and  makes  a  transition  to 
forward  flight  with  the  rotor  shaft  horizontal,  in  the  same  man¬ 
ner  as  a  pure  tilt-rotor  aircraft.  However,  when  the  aircraft 
reaches  a  conversion  speed  of  the  order  120  to  180  knots,  the 
rotors  are  feathered  and  stopped,  and  the  blades  are  folded  back 
into  wing-tip-mounted  nacelles.  Power  is  provioed  by  convertible 
engines  which  are  capable  of  providing  shaft  power  for  the  rotor 
drive  or  fan  power  for  cruise  flight  with  the  rotors  folded. 

The  stowed  tilt  rotor  has  other  advantages  v/hich  are  natural 
fallouts  of  the  configuration.  For  example,  vulnerability  is 
drastically  reduced  in  the  cruise  mode  compared  to  WOL  concepts 
which  rely  on  rotor  or  propeller  systems  for  cruise  propulsion. 
The  stowed  tilt  rotor  in  sus'^ain  damage  which  renders  the  rotor 
blades,  hubs  and  conti  is,  rotor  transmission  system,  and  two 
of  four  engines  inoperative  and  still  return  to  make  a  conven¬ 
tional  landing  with  the  rotors  stov/ed.  The  small  proportion  of 
rotor  driven  mode  flight  time  (from  five-  to  twenty-five  percent 
of  total  flight  time,  depending  on  the  mission)  will  reduce 
maintenance  cost  and  bring  overhaul  time  of  the  rotor-associated 
system  in  line  with  airframe  overhaul  periods.  In  addition, 
failure  of  the  nacelle  tilting  mechanism  does  not  force  the 
aircraft  to  make  a  landing  which  involves  heavy  rotor  or  pro¬ 
peller  damage.  These  advantages  offset  the  complexities  which 
accrue  from  the  addition  of  rotor  folding. 

Investigation  of  the  concept  has  steadily  advanced  to  the  point 
where  preliminary  wind-tunnel  tests  of  the  folding  tilt  rotor 
hav'e  been  completed.  However,  much  remains  to  be  done  to  estab¬ 
lish  a  firm  base  of  technical  data  and  design  criteria  for 
further  development  of  the  concept. 

Under  USAF  Flight  Dynamics  Laboratory  Contract,  Boeing  is  con¬ 
ducting  a  program  of  parametric  design,  analysis,  and  wind- 
tunnel  testing  to  establish  design  criteria  for  the  stowed- 
tilt-rotor  stoppable  rotor  concept.  The  program  is  being 
conducted  in  two  phases. 
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The  Phase  I  studies  reported  here  provide  the  necessary 
background  to  plan  the  Phase  II  program  of  wind-tunnel  testing 
and  analysis  required  to  esteiblish  design  criteria  for  the 
stowed- tilt-rotor  concept. 
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SECTION  II 


SUMI'IARY 


1.  THE  MISSIONS  AND  THE  DESIGNS 

The  first  part  of  this  report  presents  the  results  of  a 
preliminary  design  study  in  which  five  basic  folding-tilt- 
rotor  aircraft  have  been  designed.  Three  of  these  designs 
are  for  discrete  design  missions  and  two  are  rultimission 
aircraft  combining  tvjo,  and  then  all  three,  of  the  basic 
missions.  The  missions  and  the  design  aircraft  are: 

Mission  Aircraft 


o 

High-speed  long-range  rescue 

Design 

Point 

I 

o 

Capsule  recovery 

Design 

Point 

II 

o 

V/STOL  medium  transport 

Design 

Point 

IV 

o 

High-speed  long-range  rescue 
and  capsule  recovery 
(multimission) 

Design 

Point 

III 

o 

High-speed  long-range  rescue, 
capsule  recovery,  and  V/STOL 
medium  transport  (multimission) 

Design 

Point 

V 

The  intent  of  the  analysis  was  to  determine  the  degree  of 
compatibility  between  aircraft  designed  to  the  three  mis¬ 
sions,  and  the  compromise  necessary  to  combine  these  mission 
capabilities  in  substantially  common  airframes.  As  a  min¬ 
imum,  this  commonality  was  extended  to  the  lift/propulsion 
system  comprising  the  wing,  engines,  drive  system,  and 
rotors.  The  relative  numbers  of  production  aircraft  which 
might  be  required  for  each  mission  was  considered  in 
determining  the  degree  of  commonality.  The  technology 
level  used  in  these  studies  is  appropriate  to  a  1976  IOC 
date  time  frame. 

The  results,  presented  in  detail  in  subsequent  sections  of 
this  report,  are  summarized  in  this  section. 

a .  Basic  Mission  Aircraft 

Salient  characteristics  of  the  three  basic  mission  air¬ 
craft  are  given  in  Figure  1. 
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The  basic  rescue  mission  aircraft  has  a  design  takeoff 
gross  weight  of  67,000  pounds.  The  critical  hover 
engine  sizing  criteria  was  at  the  midpoint,  matching 
the  engine  size  required  for  the  400-knot  cruise  speed 
at  20,000  feet.  Disc  loading  at  the  midpoint  is  15 
pounds  per  square  foot. 

The  capsule  recovery  aircraft,  at  78,000  pounds,  is 
heavier  than  the  rescue  vehicle.  While  both  aircraft 
have  approximately  the  same  useful  load  of  20.000 
pounds,  the  higher  drag  of  the  capsule  recovery  air¬ 
craft  (caused  by  the  fuselage  configuration  necessary 
to  carry  the  capsule)  and  the  weight  penalties  of  the 
structural  cutout  to  accommodate  the  capsule  in  the 
bottom  of  the  fuselage  caused  the  weight  to  escalate. 
This  is  reflected  in  the  higher  fraction  of  shaft 
horsepower  to  gross  weight  of  the  capsule  recovery 
aircraft. 

The  VTOL  medium  transport  aircraft  is  still  larger,  at 
85,000  pounds.  This  was  of  course  due  to  the  consider¬ 
ably  larger  fuselage  that  was  required  to  accommodate 
the  463L  loading  system.  The  conclusion,  therefore, 
was  that  there  was  little  compatibility  between  the 
sizes  of  aircraft  required  to  fulfill  these  three  basic 
missions . 

b.  Multimission  Aircraft 


The  multimission  aircraft  are  summarized  in  Figure  2. 
Understandably,  a  combination  of  the  rescue  and  capsule 
recovery  missions  into  Design  Point  III  produces  an 
aircraft  of  the  same  size  as  the  larger  of  the  two 
single-mission  aircraft.  The  lift/propulsion  system  of 
the  capsule  recovery  aircraft  will  also  accommodate  the 
rescue  mission  requirements  if  the  drive  system  is  up¬ 
rated  slightly.  Thus,  the  basic  Design  Point  III 
vehicle  is  a  capsule  recovery  lift/propulsion  system 
with  an  uprated  drive  system  combined  with  a  rescue 
mission  fuselage  for  the  Design  Point  I  mission.  This 
vehicle  is  then  modified  by  the  substitution  of  an 
enlarged  center  fuselage  section  for  the  Design  Point  II 
or  capsule  recovery  mission.  The  required  number  of  the 
latter  configuration  is  likely  to  be  small.  Such  a 
factory  modification  of  a  limited  nuraber  of  aircraft 
appears  to  be  the  most  satisfactory  solution,  if  only 
the  rescue  and  capsule  recovery  missions  are  considered. 

In  configuring  the  Design  Point  V  multimission  aircraft 
to  accomplish  the  three  basic  missions,  certain  ground 
rules  were  established: 


/ 


4 


TAKEOFF 

MISSIONS  GROSS  EMPTY  INSTALLED  ROTOR  COMMENTS 

WT(LB)  WT  (LB)  SHP  DIA 


Figure  2.  Sununary  of  Multimission  Aircraft 


(1)  The  lift/propulsion  system  should  be  common. 

(2)  The  basic  aircraft  fuselage  should  be  for  the 
transport  missio.-,  since  this  is  likely  to  be 
built  in  the  largest  quantities. 

(3)  Since  the  number  of  capsule  recovery  aircraft 
required  is  likely  to  be  small,  they  should 
require  a  minimum  modification  to  the  basic 
fuselage . 

(4)  VThile  the  required  quantities  of  rescue  ships 
may  not  justify  development  of  a  new  aircraft, 
the  number  would  be  sufficiently  large  to 
warrant  major  modification  of  an  existing 
airframe.  Therefore,  a  new  fuselage  is 
permissible  for  the  rescue  version  if  the 
weight  and  drag  of  the  transport  fuselage 
makes  it  impossible  to  do  the  rescue  mission 
with  the  base  airplane. 

The  first  step  in  designing  the  Design  Point  V  aircraft 
was  to  resize  the  basic  transport  aircraft  to  have  a  400- 
knot  speed  capability  for  the  capsule  pickup  mission.  This 
resulted  in  a  104,000-pound  design  gross  weight  ship  which 
was  able  to  fulfill  the  capsule  pickup  role,  with  a  suitably 
modified  fuselage.  VThile  it  was  obviously  desirable  to  do 
the  rescue  mission  with  the  basic  airframe  unchanged,  it 
was  found  that  the  drag  and  weight  of  the  large  fuselage 
forced  the  required  takeoff  weight  for  this  mission  up  to 
127,000  pounds.  VThile  this  was  tolerable,  the  resulting 
midpoint  gross  weight  required  13  percent  more  power  than 
is  installed  in  the  base  transport  capsule  pickup  aircraft. 
Therefore,  rather  than  increase  the  size  of  the  basic  lift/ 
propulsion  system  still  further,  a  new  smaller  fuselage  was 
designed  for  the  rescue  version  of  Design  Point  V.  The 
resulting  reduction  in  drag  and  weight  makes  it  possible  to 
do  the  rescue  mission  without  increasing  the  size  of  the 
basic  lift/propulsion  system, 

2.  THE  BASELINE  SELECTION 


Because  the  multimission  aircraft  designed  to  accomplish 
all  three  basic  roles  turned  out  to  be  so  large,  a  further 
study  was  made  of  a  compromise  aircraft  based  on  the  Design 
Point  I  rescue  aircraft.  This  design  point  lift/propulsion 
system  was  combined  with  a  transport  type  fuselage  based  on 
a  CH-47  helicopter  box  size  widened  to  96  inches  at  the 
floor  line  to  accommodate  463L  system  pallets.  This  air¬ 
craft  is  capable  of  carrying  the  full  88  x  108-inch  pallet 
and  air-dropping  the  88  x  54-inch  half-pallet.  Pallet 
loading  is  restricted  to  72  inches  in  height.  Although 
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this  aircraft  does  not  have  the  unrestricted  463L  system 
pallet  loading  capability  of  the  Design  Point  IV  transport 
aircraft  (i.e.,  maximum  pallet  height  or  air  dropping  of 
full  pallets) ,  it  can  nevertheless  meet  most  of  the  trans¬ 
port  mission  requirements. 

It  was,  therefore,  decided  that  the  baseline  aircraft  would 
be  the  design  point  I  rescue  aircraft,  with  a  slightly  in¬ 
creased  span  to  permit  the  alternate  installation  of  a 
wider  transport  fuselage.  The  baseline  is,  therefore,  in 
reality  two  aircraft  with  common  lift/propulsion  systems. 

This  baseline  aircraft  approach  is  illustrated  in  Figure  3. 

A  basic  lift  propulsion  system  is  used  with  two  different 
fuselages:  one  to  fulfill  the  complete  rescue  raission, 
and  the  other  to  provide  an  aircraft  which  meets  most  of 
the  mission  requirements  for  the  medium  transport  role. 
Further  trade-offs  might  be  made  to  establish  the  mission 
capabilities  of  a  basic  transport  version  with  minimum 
modifications  for  both  the  rescue  and  capsule  recovery 
missions . 

3,  TECHNICAL  ASSESSMENT 

A  broad  assessment  has  been  made  of  the  i.andling  qualities 
and  control  systems,  and  the  structural  dynamic  behavior 
of  the  baseline  aircraft. 

In  principle,  it  has  been  established  that  hover  control 
can  be  satisfactorily  attained  without  the  use  of  large 
amounts  of  cyclic  pitch  control,  thus  alleviating  the  tiit 
mechanism  loads  and  the  stresses  in  the  hingeless  rotor 
blades.  The  transient  forces  and  moments  on  the  aircraft 
during  conversion  (blaie  folding  and  rotor  spin-up  and 
stopping)  do  not  appear  to  present  severe  problems.  The 
conversion  process  has  been  considerabxy  simplified,  com¬ 
pared  to  concepts  current  at  the  beginning  of  the  study, 
by  the  elimination  of  fan  clutches  and  mechanical  rotor 
indexing.  Handling  qualities  in  the  stowed  rotor  mode  are 
generally  satisfactory.  The  problem  areas  are  due  to  the 
short  span  and  high  roll  and  yaw  inertias  of  the  configura¬ 
tion.  Thus  low  speed  roll  control  response,  roll  subsidence 
and  spiral  divergence  do  not  meet  specifications  at  present, 
and  further  worJc  must  be  done  to  provide  solutions  to  these 
problems.  An  assessment  of  the  major  structural  dynamics 
phenomena,  using  the  component  mass  and  stiffness  distri¬ 
butions  generated  in  the  study  and  reported  in  Volume  II, 
does  not  indicate  any  undesirable  characteristics. 
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Figure  3.  Suggested  Baseline  Approach. 


4.  MISSION  a::d  technology  tradeoffs 


The  effect  of  variations  of  the  major  mission  parameters 
on  aircraft  size  and  weight  has  been  examined  for  the 
Design  Point  I  rescue  aircraft  and  the  Design  Point  IV 
medium  rescue  aircraft.  The  principal  results  are  sum¬ 
marized  below: 


a.  Des 

ign  Point  I: 

Parameter 

Mean  Gross  Weight 
Sensitivity 

(1} 

Cruire  speed 

200  pounds  per  knot 

(2) 

Dash  speed  and 
altitude 

25  to  30  pounds  per  knot 

-400  pounds  per  1,000  feet 

(3) 

Mission  radius 

For  radii  ^  650  nautical  miles 
52  pounds  per  nautical  mile 

For  radii  >  700  nautical  miles 
310  pounds  per  nautical  mile 
(and  increasing) 

(4) 

Payload 

4.5  pounds  per  pound 

(5) 

Hover  time 

At  design  point: 

30,000  pounds  per  hour 

At  twice  the  design  point 
hover  time; 

36,750  pounds  per  hour 

(6) 

Hover  altitude 
temperature 

Negligible  below  6,000  feet, 
95“F. 

b.  Des 

ign  Point  IV; 

Parameter 

Mean  Gross  Weight 
Sensitivity 

(1) 

Cruise  speed 

180  pounds  per  knot 

(2) 

Dash  speed  and 
altitude 

For  dash  speed  <  350  knots: 

17  pounds  per  knot, 

-400  pounds  per  1,000  feet 

For  dash  speed  >  350  knots; 
580  pounds  per  knot, 

-967  pounds  per  1,000  feet 
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Parameter 


(3)  Mission  radius 


(4)  Payload 


Mean  Gross  Weight 
Sensitivity 

From  126  pounds  per  nautical  mile 
at  design  point  to  630  pounds 
per  nautical  mile  at  twice  the 
design  point  mission  radius 

Above  the  design  point: 

4.6  pounds  per  pound 

Below  the  design  point: 

2.7  pounds  per  pound 


(5)  Hover  time  At  design  point: 

27,500  pounds  per  hour 

At  one  hour  of  hover  time: 
115,000  pounds  per  hour 


(6)  Hover  altitude 
and  temperature 


Negligible  below  design  point, 
increasinc  to  92,800  pounds  at 
4,000  feet  100*^?. 


The  change  in  the  empty  weight  of  the  baseline  aircraft  has 
been  assessed  due  to  the  omission  of  all  advanced  techno¬ 
logy  airframe  materials  and  fabrication  techniques  and  the 
use  of  separate  turboshaft  and  turbofan  engines  for  rotor 
drive  and  cruise  propulsion.  This  is  the  logical  approach 
for  a  demonstrator  prototype  aircraft,  and  the  results 
show  that  such  an  aircraft  would  have  an  adequate  payload 
for  test  and  mission  evaluation  purposes. 

Predictions  have  also  been  made  of  the  reduction  in  weigi-t 
for  advanced  technology  appropriate  to  a  1980  IOC  date. 
These  predictions  show  that  weight  savings  amounting  to 
15  percent  of  the  useful  load  are  probable  relative  to  the 
datum  1976  IOC  technology  used  in  this  study. 
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SECTION  III 


MISSION  AND  DESIGN  GROUND  RULES 


MISSION  DEFINITIONS 

The  mission  profiles  and  requirements  for  the  throe  basic 
missions  are  presented  in  Figures  4,  5,  and  6.  These 
missions  are; 


I  High-Speed  Long-Range  Rescue 
II  Capsule  Recovery 
III  Medium  V/STOL  Transport 

Additional  requirements  for  these  missions  (both  given  and 
assumed)  are  presented  as  follows: 


Additional  Requirements  for  Design  Point  I 


(1)  Given; 


(a)  Provide  for  aerial  refueling.  Use  not 
allowed  on  above  mission. 


(b)  Ferry  range  of  2600  nautical  miles  with  no 
refueling. 


(c)  Crew  and  cabin  compartments  shall  be 
pressurized. 


(d)  Aerial  retrieval  capability  to  recover 
parachuting  personnel  and  capsules  at  speeds 
up  to  300  knots  TAS  and  weight  to  300  pounds. 

(e)  With  critical  engine  out  at  midpoint  OGE 
hover,  be  able  to  convert  to  forward  flight 
on  emergency  power  of  remaining  engines  with 
a  maximum  altitude  loss  of  5  feet. 

(f)  Accommodate  a  crew  of  5  at  240  pounds  per 
man  (includes  parachutes) . 

(g)  Additional  weight  provisions: 

Hoists  and  Equipment  500  pounds 

Avionics  1500  pounds 

Armament  and  Armor  2000  pounds 
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(2)  Assmned: 

(a)  No  fuel  consumed/  no  distance  credit  for 
descent. 

(b)  Mission  flown  at  Air  Force  Hot  Day  conditions 
unless  otherwise  noted. 

(c)  Sufficient  power  is  provided  only  for  one- 
engine-out  hover,  with  no  margin  included 
for  maneuver  as  per  requirement  (e)  above. 

(d)  Climb  to  cruise  altitude  is  at  maximum  rate 
of  climb/  military  power. 

Additional  Requirements  for  Design  Point  II 

(1)  Given ; 

(a)  Provide  for  aerial  refueling  and  use  as 
required  on  above  mission. 

(b)  Ferry  range  of  2600  nautical  miles  with  no 
refueling. 

(c)  Accommodate  crew  of  5  at  240  pounds  per  man 
(includes  parachutes) . 

(d)  Midpoint  payload  size  13  feet  in  diameter  by 
12  feet  in  length. 

(2)  Assumed; 

(a)  No  fuel  consumed,  no  distance  credit  for 
descent. 

(b)  Mission  flown  at  Air  Force  Hot  Day  conditions 
unless  otherwise  noted. 

(c)  Climb  to  cruise  altitude  is  at  maximum  rate 
of  climb,  military  power. 

(d)  Aircraft  sized  to  have  sufficient  fuel  left 
at  midpoint  to  hover,  pickup  capsule,  and 
climb  to  refueling  altitude  with  sufficient 
reserves. 

(e)  Reserve  fuel  requirement  for  refueling  points 
4,  7,  and  10  in  Figure  5  is  5  percent  of  fuel 
consumed  only  during  the  cruise  leg  since 
last  refueling  plus  30  minutes  at  best 
endurance  speed  at  the  refueling  altitude. 
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c.  Additional  Requirements  for  Design  Point  IV 


I 


(1)  Given; 

(a)  STOL  is  defined  as  1000-foot  takeoff  over  a 
50- foot  obstacle. 


(b)  Ferry  range  2600  nautical  miles  with  no 
refueling. 

(c)  Landing  gear  sink  speed  shall  be  15  fps. 

(d)  Cargo  compartment  shall  be  compatible  with 
the  463L  loading  system  usirg  an  88-inch  by 
108-inch  pallet,  6000  pounds  average  pallet 
weight,  10,000  pounds  maxi.  pallet  weight. 

(e)  Accommodate  a  crew  of  5  at  240  pounds  per  man 
(includes  parachutes) . 

(2)  Assumed; 

(a)  No  fuel  consumed,  no  distance  credit  for 
descent. 

(b)  Mission  flown  at  Air  Force  Hot  Day  conditions 
unless  otherwise  noted. 

(c)  Climb  to  cruise  altitude  is  at  maximum  rate 
of  climb,  military  power. 

(d)  Cargo  compartment  sized  to  accommodate  88- 
inch  wide  pallet  with  enough  clearance  for 
the  passage  of  a  man  on  either  side. 

Design  Points  III  and  V  are  multimission  aircraft.  The 
requirements  of  missions  I  and  II  are  combined  in  Design 
Point  III  and  all  three  basic  missions  are  combined  in 
Design  Point  V. 

2.  DESIGN  GROUND  RULES 


These  ground  rules  are  only  intended  to  cover  those  items 
necessary  for  the  parametric  design  study  definition. 
However,  special  specifications  for  items  peculiar  to  the 
stowed-tilt-rotor  concept  are  included  for  prominence  in 
the  report.  A  comprehensive  review  of  major  military 
specifications  is  presented  in  Volume  III,  Appendix  II. 
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a.  Structtires 


(1)  Design  Load  Factors 

All  of  the  vehicles  are  assiimed  to  be  in  the  Air 
Force  Class  C  (Assault)  category. 

The  maximum  positive  design  maneuver  limit  load 
factor  shall  be  3.0  for  all  gross  weights  from 
minimum  flying  gross  weight  to  the  basic  flight 
design  gross  weight  and  at  all  speeds  from  the 
aircraft  3.0g  maneuvering  stall  speed  to  design 
limit  speed  Vj,.  At  weights  greater  than  the  basic 
flight  design  gross  weight,  strength  shall  bs  pro¬ 
vided  to  maintain  a  constant  NW  except  that  the 
limit  load  factor  N  shall  not  be  less  than  2.0  at 
the  maximum  design  gross  weight.  The  maximum 
negative  desic i  limit  load  factor  shall  be  -1.0 
for  all  gross  weights  and  all  speeds  from  the  air¬ 
craft  -l.Og  maneuver  stall  speed  to  the  design 
level  flight  maximum  speed  Vl.  At  the  design  limit 
speed  Vi,  the  negative  maneuver  limit  load  factor 
shall  be  zero. 

During  transition  from  the  rotor  lift  to  pure  v/ing 
lift  the  stowed-tilt-rotor  aircraft  is  a  compound 
vehicle  and  both  the  wing  and  rotors  are  capable 
of  contributing  to  the  lift.  The  maximum  design 
limit  load  factor  to  be  applied  during  transition  - 
zero  forward  speed  to  zero  rotor  lift  -  shall  be 
determined  by  adding  the  maximum  rotor  lift  and 
wing  lift  available  at  any  given  speed  and  divid¬ 
ing  the  resultant  sum  by  the  gross  weight  under 
consideration,  except  that  the  maximum  maneuver 
load  factor  must  not  be  less  than  2.5g  or  exceed 
3.0  at  any  speed. 

THE  LIMIT  LOAD  FACTOR  DURING  CONVERSION  {I.E.,  AT 
ANY  FLIGHT  CONDITIONS  WHERE  THE  ROTORS  ARE  NOT 
FULLY  DEPLOYED  AND  ROTATING  AT  AT  LEAST  70%  OF 
MAXIMUM  RPM)  SHALL  BE  1.5. 

The  design  limit  gust  load  factors  shall  be  deter¬ 
mined  in  accordance  with  the  latest  issue  of 
MIL-S-8861.  The  speed  for  application  of  maximum 
gust  intensity  shall  be  Vg  =  /W Vq.  Preliminary 
calculations  indicate  that  the  gust  load  factors 
are  compatible  with  the  design  maneuver  load  factor 
of  3.0.  Except  when  operating  at  minimum  flying 
gross  weights,  the  aircraft  are  not  gust  critical. 
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( 2 )  Selection  of  Design  Speeds 


The  design  speeds  selected  are  predicated  on  the 
two  primary  speed  requirements  specified  in  the 
mission  requirements,  namely  that  the  vehicles  be 
capable  of  operation  at  400  knots  TAS  at  20,000 
feet  and  350  knots  TAS  at  3,000  feet.  The  engine 
cycle  used  for  preliminary  vehicle  sizing  is  such 
that  the  aircraft  is  power  critical  for  the 
400-knot  20,000-foot  design  point  and  capable  of 
exceeding  the  350-knot  dash  speed  at  3,000  feet. 

In  order  to  minimize  the  structural  weight,  the 
decision  was  made  to  limit  flight  at  lower  alti¬ 
tudes  to  an  arbitrary  maximum  dynamic  pressure. 

Since  the  required  350  knots  TAS  at  3,000  feet  is 
the  equivalent  of  335  knots  TAS  at  sea  level 
(standard  day) ,  the  maximum  level  flight  speed 
is  limited  to  340  knots  equivalent  airspeed  (EAS) . 

Since  the  stowed-tilt-rotor  concept,  in  commor 
with  other  high  speed  aircraft,  does  not  have  a 
speed  increase  of  20  percent  of  maximum  level 
flight  speed  due  to  gust  or  other  upset,  the 
design  limit  speed  Vj,  is  established  as  maximum 
level  flight  speed  plus  50  knots.  This  establishes 
the  design  maximum  dynamic  pressure  speed  at  390 
knots  EAS.  The  aircraft  presented  in  this  study 
are  q  limited  (390  knots  EAS)  from  sea  level  to 
16,000  feet  and  power  limited  at  altitudes  above 
16,000  feet. 

A  M'ich  number  limit  of  0.7  was  established  for 
high  altitude  descents. 

CONVERSION  FROM  ROTOR  TO  FAN  DRIVEN  FLIGHT  AND 
RECONVERSION  SHALL  BE  PERMISSIBLE  BETWEEN  1.2  X 
FLAPS  DOWN  STALL  SPEED  TO  THE  GREATER  OF  (1.2  X 
FLAPS  DOWN  STALL  SPEED  +  50  KTS)  OR  1.2  X  FLAPS 
UP  STALL  SPEED. 

(3)  Landing  Gear 

For  the  initial  configuration  studies  carried  out 
in  the  first  portion  of  this  program  the  vehicle 
landing  gear  weights  are  estimated  in  accordance 
with  the  following  ground  rules; 

(a)  Gear  weights  compatible  with  helicopter  landing 
gear  weights  are  assumed  for  Design  Point  air¬ 
craft  I,  II,  and  III.  All  landings  and  take¬ 
offs  are  assumed  to  be  vertical  and  made  on 
semi-prepared  surfaces. 
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(b)  Gear  weights  compatible  with  normal  transport 
landing  gear  weights  are  assumed  for  Design 
Point  aircraft  IV  and  V.  All  landings  and 
takeoffs  are  assximed  to  be  vertical  and  addi¬ 
tional  gear  strength  added  to  account  for 
taxiing  over  rough  and  semi-prepared  airfields. 

All  of  the  configurations  have  the  ability  to 
hover  in  ground  effect  at  their  respective  basic 
mission  design  takeoff  weights  and  the  above 
assumptions  for  landing  gear  weight  appear  to  be 
reasonable. 

Note;  New  landing  gear  ground  rules  were  selected 
by  USA..FDL  following  the  basic  parametric 
studies.  These  revisions  were  used  in  the 
baseline  aircraft  studies  and  are  quoted  in 
that  section. 

(4)  Pressurization  Differentials 


All  of  the  configurations  presented  in  this  study, 
except  the  Design  Point  IV  configuration,  have 
been  allocated  weight  increments  to  account  for 
pressurization.  The  Design  Point  IV  and  baseline 
transport  configurations  are  not  pressurized  be¬ 
cause  the  optimum  altitude  for  the  performance  of 
the  mission  has  been  determined  at  10,000  leet  or 
lower.  For  all  of  the  other  configurations  a 
cabin  altitude  of  8,000  feet  is  maintained  at  a 
flight  altitude  of  20,000  feet.  Using  a  proof 
pressure  factor  of  1.33  this  amounts  to  a  design 
limit  pressure  differential  of  5.45  psi. 

On  all  of  the  configurations  requiring  pressuriza¬ 
tion,  the  number  of  cutouts  and/or  door  openings 
are  kept  to  a  minimum  in  the  pressurized  area  in 
order  to  save  weight.  This  is  accomplished  by  the 
judicious  placement  of  the  aft  pressure  bulkhead 
and  by  eliminating  the  need  for  pressurization  of 
the  aft  hatch  on  Design  Points  I,  II,  and  III. 

(5)  Technology  Level 

Determination  of  the  vehicle  weights  for  Design 
Point  I,  II,  III,  IV,  and  V  aircraft  shall  be 
based  on  technology  for  manufacturing  techniques 
and  materials  appropriate  to  an  IOC  date  of  1976. 
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b.  Aerodynamics 


(1)  Airfoil 

In  the  interests  of  obtaining  the  optimum  wing 
weight,  the  airfoil  section  shall  be  of  the  max*- 
imum  thickness  possible  consistent  with  the 
requirement  of  flight  at  Mach  0.635  and  the  need 
for  a  high-speed  descent  capability. 


(2)  Wing  Loadinc 


The  aircraft  wing  loading  shall  not  exceed  90  psf 
at  any  point  in  a  mission  where  transition  is 
made  from  hover  to  forward  flight  or  back.  This 
is  done  to  insure  maneuver  capability  during 
transition. 


Disc  Loadinc 


The  aircraft  disc  loading  shall  not  exceed  13  psf 
at  the  mission  midpoint  hovering  gross  weight  in 
order  to  preserve  a  low  downwash  velocity  during 
rescue,  capsule  recovery  or  resupply  operations. 


(4)  Empennage 


(a)  Horizontal  Tail 


The  horizontal  tail  shall  be  sized  to  provide 
a  minimum  static  margin  of  5  percent  MAC  at 
maximum  cruise  speed  with  the  center  of  grav¬ 
ity  at  the  aft  limit.  An  al.lowance  of  5 
percent  for  neutral  point  shift  due  to  aero- 
elasticity  shall  be  included  in  the  calcula¬ 
tion.  During  low-speed  operation  with  the 
rotors  extended  it  is  intended  that  rate  and 
attitude  stability  augmentation  will  be  pro¬ 
vided,  as  necessary.  This  ground  rule  was 
adopted  to  avoid  the  large  change  in  static 
margin  which  would  occur  during  conversion 
if  the  tail  were  sized  for  stability  with 
rotors  deployed.  It  is  considered  justified 
by  the  availability  of  stability  augmentation 
systems  required  for  hover  and  transition. 


(b)  Vertical  Tail 

The  vertical  tail  shall  be  sized  to  provide 
a  minimum  directional  stability  coefficient 
of  0.0015  with  the  rotors  in  the  stowed 

position.  The  condition  of  thrust  asymmetry 
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due  to  loss  of  one  engine  at  l.lVs#  with  the 
rotors  folded  and  the  center  of  gravity  at 
the  aft  limit*  shall  be  investigated*  and 
adequate  rudder  control  shall  be  provided  to 
trim  at  no  greater  than  5  degree  yaw  and  roll 
angles.  It  is  assumed  that  stability  aug¬ 
mentation  shall  be  provided,  as  necessary, 
for  increased  rate  damping  ard  increased 
directional  stiffness  for  operation  at  low- 
speed  with  the  rotor  extended. 


.  Propulsion 

(1)  Powerplants 

The  same  powerplants  shall  be  utilized  to  power  the 
cruise  fans  and  the  rotors.  Means  shall  be  pro¬ 
vided  to  transfer  power  from  the  cruise  fans  to  the 
rotors.  Provisions  shall  be  made  to  achieve  parti¬ 
cle  separation  in  the  engine  airflow  during  hover. 

Fan  bypass  ratios  shall  be  selected  to  obtain  best 
mission  performance  at  minimum  weight. 

(2)  Power  Transmission  System 

A  transmission  system  shall  be  provided  which  will 
adequately  reduce  the  engine  rpm  to  that  desired 
at  the  rotors  and  the  fans.  The  transmission  shall 
also  provide  an  interconnect  between  the  two  rotors 
so  that  equal  power  distribution  will  be  achieved 
between  the  two  rotors  in  the  event  of  an  engine 
failure. 

The  torque  capabilities  of  the  rotor  transmission 
system  shall  meet  the  most  severe  of  the  following 
requirements : 

(a)  Hover  at  design  takeoff  gross  weight  at  the 
altitude  and  temperature  appropriate  to  the 
mission,  out  of  ground  effect,  with  the  thrust 
required  for  download  control  and  500  fpm  rate 
of  climb.  The  control  applied  shall  give  the 
most  severe  power  absorption  occasioned  by  100 
percent  control  about  one  axis  and  50  percent 
about  the  other  two  axes.  This  is  to  be  con¬ 
strued  as  a  total  power  requirement.  Shafts 
will  bo  sized  for  full  torque  due  to  100  per¬ 
cent  yaw  control.  A  55  to  45  power  split 
shall  be  used  for  gear  weight  estimation,  the 
full  yaw  control  case  being  considered  a 
transient  condition. 
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(b)  A  climb  rate  of  1500  fpm  at  200  knots  EAS 
(SL  Std  day) . 

(c)  A  level  flight  speed  of  250  knots  EAS,  (SL 
Std  day) . 


The  rotor  transmission  components  shall  also  be 
designed  to  the  torque  appropriate  to  one  shaft 
engine  failed  conditions  for  the  above  cases. 

The  shafting  shall  be  designed  to  take  the  torques 
imposed  by  maximum  SL  Std  static  power  of  all 
engines  on  one  side  with  all  engines  failed  on 
the  other  side.  This  is  not  to  be  applied  as  a 
design  case  for  gearing. 

The  fan  drive  system  shall  be  designed  to  take 
maximum  SL  Std  day  static  power. 

(3)  Rotors 


The  rotors  shall  be  hingeless  and  shall  be  pro¬ 
vided  with  both  cyclic  and  collective  pitch 
control.  In  addition  to  adequate  cyclic  and 
collective  pitch  controls  for  normal  low-speed 
helicopter  flight,  the  cyclic  control  shall  be 
adequate  for  both  pitch  and  yaw  control  during 
hover  and  transition  and  the  collective  control 
shall  be  adequate  for  roll  control  during  hover 
and  transition. 

The  rotor  shall  be  designed  to  have  a  thrust 
margin  of  15  percent,  over  and  above  the  thrust 
(including  download)  at  any  mission  hover  con¬ 
dition  of  weight,  altitude,  and  temperature, 
before  reaching  the  stall  flutter  condition.  In 
the  absence  of  blade  torsion  parameter  data  at 
the  beginning  of  the  study,  the  solidity  of  the 
rotors  was  chosen  for  optimum  hover  performance 
provided  the  thrust-coefficient-to-solidity  ratio 
(helicopter  notation)  did  net  exceed  0.12  at  the 
above  conditions.  This  implied  a  stall  flutter 
limit  at  Cy/a  =  0.137.  This  subject  is  further 
discussed  under  ROTOR  BLADE  in  Volume  II. 

The  maximum  hover  tip  speed  shall  be  870  feet 
per  second. 

The  rotor  power  limit  shall  be  compatible  with  the 
criteria  given  for  the  rotor  transmission. 
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The  number  of  blades  shall  be  selected  on  the 
basis  of  the  following  priorities: 

1st  -  Minimum  rotor  nacelle  size 
2nd  -  Hover  performance 
3rd  -  Noise 


d.  Weights 

Weight  estimates  shall  be  obtained  using  statistical 
weight  trend  equations  and  the  specific  mission 
requirements.  Fixed  inputs  such  as  aspect  ratio, 
taper  ratio,  fuselage  geometry,  etc.,  shall  be  utilized 
in  the  statistical  trend  equations  and  combined  with 
mission  requirements  such  as  fixed  equipment  weights, 
fixed  useful  load,  payload,  etc.,  to  iterate  a  total 
aircraft  gross  weight.  The  basic  weight  trends  shall 
reflect  current  state-of-the-art  materials  and  manu¬ 
facturing  techniques  which  will  be  factored  to  reflect 
a  technology  level  consistent  with  an  IOC  date  of  1976. 
Design  features  not  covered  by  the  statistical  weight 
equations  shall  be  estimated  separately.  One  percent 
of  the  weight  empty  shall  be  added  to  the  gross  weight 
to  allow  for  manufacturing  variations. 

e.  Gecxnetric  Constraints 


The  minimiim  clearance  between  the  rotor  blade  tips  and 
the  fuselage  side  shall  be  18  inches. 

With  the  nacelle  in  the  locked  down  position  the  rotor 
plane  shall  be  positioned  to  provide  a  minimum  of  12 
inches  clearance  between  the  blade  trailing  edge  and 
the  wing  and/or  engine  nacelle  leading  edge.  This 
clearance  shall  be  obtained  with  the  blade  fully 
feathered  and  its  quarter  chord  plane  deflected  aft 
through  an  angle  of  5  degrees  measured  from  the  rotor 
hub  and  the  olade  tip  quarter  chord.  When  the  nacelle 
is  in  the  vertical  position,  the  rotor  plane  shall  be 
high  enough  above  the  wing  upper  surface  to  prevent 
the  rotor  blade  from  striking  the  wing  when  the  blade 
is  at  a  negative  cone  angle  of  thirteen  degrees.  The 
distance  between  the  nacelle  pivot  point  and  the  rotor 
plane  shall  be  kept  to  a  minimum  consistent  with  the 
above  requirement.  Based  on  experience,  these  criteria 
are  for  preliminary  design  purposes  and  should  be  re¬ 
written  when  critical  maneuver  blade  property  and 
motion  data  are  available. 
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SECTION  IV 


CONFIGURATION  STUDIES 


1.  CONFIGURATION  APPROACH 


The  fuselage  configuration  for  any  given  aircraft  is 
primarily  dictated  by  the  mission  requirements,  and  the 
tail  group  configuration  by  stability  and  control  require¬ 
ments.  The  size  and  layout  of  the  latter  will  ultimately 
be  chosen  by  wind  tunnel  testing.  For  the  present  designs 
where  critical  mach  n»jinber  considerations  are  not  parti¬ 
cularly  demanding,  the  wing  size  and  geometry  has  been 
chosen  for  the  most  efficient  and  simple  structural 
arrangement  and  tip  nacelle  attachment,  consistent  with 
the  required  relationship  between  the  nacelle  tilt  pivot 
and  wing  for  proper  center  of  gravity  location  in  hover 
and  cruise  flight. 

A  typical  planform  resulting  from  these  considerations  is 
shown  in  Figure  7.  This  straight  tapered  planforra  was 
used  for  all  of  the  initial  configuration  design  studies. 
However,  after  the  baseline  aircraft  was  selected,  addi¬ 
tional  consideration  was  given  to  planform  in  an  attempt 
to  further  reduce  nacelle  overhang.  These  changes  are  ore- 
sented  in  Section  V,  BASEI.INE  CONFIGURATION  DESCRIPTION*. 
Figure  8  shows  the  trade-off  of  wing  weight  plus  fuel 
weight  with  aspect  ratio  and  wing  loading.  Weight  in¬ 
creases  with  wing  loading  because  of  the  higher  drag  of 
the  higher  area  wing  and,  of  course,  the  increased  weight 
of  the  wing  itself.  At  constant  wing  loading,  increasing 
aspect  ratio  reduces  induced  drag  thereby  reducing  fuel 
weight;  but  the  reduction  in  wing  root  thickness  causes 
the  wing  weight  to  increase  because  of  the  high  root 
bending  moment  due  to  lift  loads  in  hover,  and  the  latter 
trend  predominates.  The  conclusion  is  that  the  wing 
loading  should  be  as  high  as  possible  and  the  aspect  ratio 
as  low  as  possible.  However,  as  stated  in  the  ground 
rules,  the  wing  loading  is  restricted  to  a  maximum  of  90  psf 
in  order  to  give  good  transition  maneuverability.  The  min¬ 
imum  aspect  ratio  is  determined  by  the  minimum  span  that 
can  be  accommodated  with  a  rotor  to  fuselage  clearance 
limit  of  18  inches. 

a .  Rotor  Blade  Stowing 

Three  different  methods  of  stowing  the  rotor  blades 

were  considered.  These  basic  approaches  are  shown  in 

Figure  9.  The  nacelle  at  the  top  of  this  Figure  shows 

FREGEDING  PM  BUUii( 
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CROSS-SHAFT  RUNS  ALONG  NEARLY  CC»ISTANT 
CHOBDLINE  ALLOWING  BEARING  AND  SNUBBER 
ATTACHMENTS  TO  INTERMEDIATE  SPAR 


MULTISPAR  ARRANGEMENT,  GIVES  FUEL  TANKAGE  FORE  AND  AFT  OF  ISOLATED 
INTERFACE  CROSS-SHAFT  TUNNEL  AND  ACCESS  TO  CROSS-SHAFT  THROUGH 
PANELS  LOCATED  BETWEEN  CENTER  SPARS 


Figure  7. 


Typical  Wing  Arrangement. 
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Figure 


DISC  LOADING;  16  PSF 


8.  Typical  Wing  Loading  and  Aspect  Ratio  Trade. 


the  rotor  blades  folded  flush  with  the  surface  of  the 
nacelle f  in  sculptured  recesses.  This  approach  appears 
to  offer  the  cleanest  aerodynamic  configuration  but  has 
the  drawback  of  a  complication  of  the  folding  system  to 
turn  the  blade  over  from  the  feathered  position  during 
the  last  few  degrees  of  the  fold  cycle  so  that  the 
blades  can  lie  flush  in  the  nacelles. 

The  center  drawing  of  Figure  9  shows  what  is  perhaps 
the  most  simple  folding  system  approach.  The  blades 
are  maintained  in  a  feathered  position  throughout  the 
fold  cycle  and  are  knifed  into  the  nacelle  center  body. 
From  an  aerodynamic  standpoint,  this  method  of  stowing 
gives  a  high  wetted  area  compared  to  the  flush  system. 
Together  with  the  effect  of  blade  twist,  and  the  gaps 
in  the  nacelle  which  will  be  required  to  nest  the 
rotor  blades  while  accommodating  any  flap-wise  motion 
that  may  occur  during  the  final  few  degrees  of  the  fold 
cycle,  this  high  wetted  area  will  give  a  higher  drag 
than  the  flush  method  of  folding.  Wind  tunnel  tests 
show  that  this  penalty  may  amount  to  30  percent  of  the 
drag  of  the  clean  wiiig  plus  faired  nacelle.  The  pos¬ 
sibility  of  blade  trailing-edge  damage  is  also  con¬ 
sidered  high  due  to  blade  flapwise  motions  caused  by 
gust  or  maneuvers  during  the  final  stowing  phase.  On 
the  other  hand,  in  the  flush  stowing  method,  a  blade 
would  tend  to  slap  the  nacelle  because  of  flap  motions. 
This  slapping  will  probably  be  aerodynamically  cushioned; 
therefore,  the  flush  folding  system  does  appear  to  have 
an  advantage,  although  the  problem  of  blade  motion  dur¬ 
ing  final  folding  requires  further  study. 

The  third  stowing  method  considered  is  a  variation  of 
the  edge-wise  stowing  method;  however,  the  blade  shanks 
are  extended  to  a  radial  position  in  order  to  clear  the 
rotor  transmission  and  tilting  nacelle  structure.  The 
blade  proper  then  starts  well  outboard  radially  and 
permits  the  trailing  edge  of  the  blades  to  be  knifed 
more  deeply  into  the  rear  part  of  the  nacelle  where 
cutouts  in  the  structure  are  less  critical.  This 
method  of  stowing  should  have  a  drag  somewhat  between 
the  tv;o  methods  already  discussed  but  will  suffer  from 
all  the  other  vicissitudes  of  the  edge-wise  folding 
system  described  previously.  In  addition,  the  figure 
of  merit  of  the  rotor  in  hover  will  suffer  greatly, 
because  of  the  non-optimum  blade  planform;  however, 
this  may  be  permissible  for  very  high  speed  stowed-tilt- 
rotor  aircraft  which  have  surplus  power  in  hover.  Pub¬ 
lished  wind-tunnel  testing  of  flush  and  knife-edge 
folding  methods  indicates  a  much  larger  change  in  neu¬ 
tral  point  from  blades-deployed  to  blades-folded  for 
the  knife-edge  system  of  blade  folding. 


31 


After  weighing  all  of  these  factors »  the  flush  Method 
of  blade  stowing  was  adopted  for  these  investigations. 

A  method  has  been  worked  out  to  change  blade  pitch  dur-> 
ii^r  the  fold  cycle  to  allow  the  blades  to  lie  flush f 
ax^  it  appears  to  be  a  practical  solution.  Although 
this  system  appeared  to  be  more  cos^lex  than  keeping 
the  blades  in  the  feathered  position  during  the  fold 
cycler  it  produced  fetter  problems  than  knifing  the 
blades  into  the  nacelle. 

The  major  consideration  of  propulsion  system  layout  and 
location  remains  to  be  discussed.  The  basic  studies 
have  concentrated  on  turboshaft  engines  mechanically 
driving  rotors  and  cruise  fans.  Earlier  studies  used 
an  arrangement  whereby  the  engines r  transmissions, 
fans  and  rotors  were  all  located  in  the  wing  tip 
(Figure  10) .  This  layout  had  the  advantages  of  imload- 
^  cross**shafting  and  a  minimum  number  of  gear  sets 
when  compared  to  other  layouts. 

Sxibsequent  studies  showed  that  this  configuration  was 
unable  to  cope  with  the  yawi..g  moment  developed  after  fan 
failure,  especially  in  the  wave-off  condition  from  an 
approach  to  an  emergency  landing. 

Difficulty  was  also  encountered  in  installing  four  shaft 
engines  in  the  rotor  itacelles  when  more  stringent  hover 
criteria  were  given  for  certain  missions. 

b.  Propulsion  Concept 

The  propulsion  system  described  in  Section  VIII, 
PROPULSION,  was  evolved  to  overcome  these  problems  and 
was  selected  after  consideration  of  two  other  propul¬ 
sion  concepts.  The  simplest  approach  would  be  to  as- 
stime  the  availability  of  convertible  turbofan  engines. 
However,  this  assumption  is  not  a  good  one  because  of 
the  present  low  level  of  activity  in  this  area.  Also, 
this  approach  was  inadvisable  due  to  the  need  for  four 
engines  (caused  by  the  stringent  hover  requirement  of 
these  missions)  and  the  lack  of  provision  for  particle 
separators  in  proposed  convertible  turbofan  concept- 
Gas  drive  systems  were  also  considered;  in  particular 
the  concept  of  gas  generators  driving  turbines  con¬ 
nected  to  the  rotor  system  or  tip  turbine  cruise  fans 
through  diverted  valves.  This  system  has  an  advantage 
inasmuch  as  rotor  clutches  can  be  eliminated,  but  the 
inability  of  the  system  to  progress  smoothly  from 
rotor-drive  to  fan-drive  without  step  functions  (as 
each  gas  generator  is  diverted)  presented  a  problem. 

In  addition,  shaft  driven  cruise  fans  have  been  fully 
developed,  whereas  tip-turbine-driven  cruise  fans  have 
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received  less  attention  (although  tip-turbine-lift-fan 
technology  as  used  in  the  XV-5A  is  applicable) .  There¬ 
fore  a  system  was  selected  where  a  pair  of  coupled 
turboshaft  engines  drive  a  front  fan  through  reduction 
gearing  and  a  clutch.  The  fan  thrust  can  be  modulated 
through  the  use  of  veuriable  guide  vanes  or  variable- 
pitch  fan  blades.  A  power  takeoff  and  clutch  is  pro¬ 
vided  for  tlie  rotor  drive.  In  the  helicopter  mode, 
air  is  drawn  through  auxiliary  inlets  in  the  fan  duct 
walls  provided  with  Donaldson  tube  separators. 

The  turbofan-type  nacelles  of  the  propulsion  package 
were  mounted  immediately  beneath  the  wing  to  minimize 
interference  drag  and  keep  the  engine  inlets  as  high 
as  possible  to  minimize  ingestion.  A  more  ideal 
nacelle  location  from  the  point  of  view  of  interference 
drag  would  be  further  forward,  well  below  the  wing,  but 
this  is  precluded  by  the  proximity  of  the  rotor  plane; 
however,  the  location  directly  beneath  the  wing  i'  pre- 
fercd^le  to  intexmediate  positions.  The  spanwise  posi¬ 
tion  about  one  nacelle  diameter  from  the  fuselage  side 
was  also  chosen  to  minimize  interference  drag. 

BASIC  MISSION  DESIGNS 

a.  Design  Point  I  Rescue  Aircraft 

This  aircraft  follows  the  general  configuration  outlined 
above.  A  3-view  drawing  and  the  major  characteristics 
of  this  aircraft  are  shown  in  Figur .  11.  The  fuselage 
size  was  minimized  consistent  with  the  tail  arm  re¬ 
quired,  the  cabin  volume  needed  to  accommodate  the 
crew  and  payload,  and  the  nose  length  needed  to  balance 
the  aircraft.  A  landing  gear  with  one  main  leg  with 
two  wheels,  with  conventional  nose  wheel  gear,  and 
with  an  outrigger  mounted  under  each  engine  nacelle, 
was  adopted  to  minimize  landing  gear  weight  and  to 
make  landing  gear  fairings  unnecessary,  and  therefore, 
reduce  drag.  This  system  was  judged  the  best  arrange¬ 
ment  in  view  Of  the  high-speed  long-range  mission  and 
the  fact  that  the  aircraft  is  expected  to  operate  in 
the  vertical  takeoff  and  landing  mode  for  most  missions. 

In  determining  the  minimum  size  of  aircraft  necessary 
to  perform  the  mission,  tradeoffs  were  made  with  the 
number  of  engines,  the  bypass  ratio  of  the  engines, 
and  the  disc  loading.  Figure  12  shows  the  variations 
of  cruise  normal-rated  power  to  maximum  static  horse¬ 
power  ratio,  as  a  function  of  bypass  ratio,  and  the 
specific  fuel  consumption  at  cruise  rating  as  a  func¬ 
tion  of  bypass  ratio.  It  can  be  seen  that  bypass  ratio 
has  very  little  effect  on  fuel  flow  for  bypass  ratios 
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THRUST  SPECIFIC  FUEL  NORMAL  RATED  THRUST  NORMAL  RATED  THRUST 

CONSUMPTION  AT  NRP  AT  400  KN ,  20,000  FT  AT  350  KN ,  3000  FT- 

MAX  SL  STD!  "power  MAX  SL  STD  POVJER 

(LB/ HR/LB)  (LB/HP)  (LB/KP) 


0.60 


0.55 


0.45 


0.35 


0.75 


350  KN,  3000  FT 


400  KN,  20,000  FT' 


BYPASS  RATIO 


Figure  12.  Engine  Characteristics  at  Cruise  Design  Points  as 
a  Function  of  Bypass  Ratio. 


belov  eight  for  a  given  thrust  requirement;  it  can 
also  be  seen  that  engines  of  bypass  ratio  four  have 
about  six  percent  more  cruise  thrust  available  for  a 
given  power  than  engines  of  bypass  ratio  eight.  These 
low  sensitivities  led  to  the  conclusion  that  the  bypass 
ratio  would  have  very  little  effect  on  the  tradeoff  of 
number  of  engines.  Figure  13  shows  this  tradeoff  for 
bypass  ratio  six  and  illustrates  that  the  engine  out 
hover  requirement  overwhelmingly  leads  to  a  choice  of 
four  rather  than  two  engines.  Three  engines  were  not 
considered  in  this  study  due  to  the  problem  of  instal¬ 
ling  them  with  a  reasoneible  drive  system  configuration. 
The  tradeoffs  of  disc  loading  and  bypass  ratios  shovm 
in  Figure  14  are  somewhat  complex.  The  general  trend 
with  increasing  disc  loading  is  to  lighter  aircraft, 
because,  the  aspect  ratio  of  the  wing  is  reduced,  a 
structural  benefit  is  derived,  and  the  length  of  the 
tip  pods  needed  to  accommodate  the  folded  rotors  is 
also  reduced.  Although  Figure  12  shows  low  sensitivity 
of  basic  engine  characteristics  to  bypass  ratio,  high 
bypass  ratio  generally  leads  to  high  drag  nacelles  and 
high  engine  weight  The  high  drag  of  the  engine 
nacelles  leads  to  lower  lift-drag  ratios  than  can  be 
obtained  at  low  bypass  ratios,  and  therefore,  the 
engines  become  cruise  sized.  These  drag  and  weight 
penalties  tend  to  give  a  general  escalation  of  weight 
at  high  bypass  ratio.  At  low  bypass  ratios,  the  lower 
drag,  and  therefore,  the  higher  lift-drag  ratios  and  the 
improved  hover  cruise  thrust  to  hover  horsepower  ratios 
tend  to  give  hover-sized  engines,  particularly  at  the 
high  disc  loadings.  This  condition  accounts  for  the 
reversal  in  bypass  ratio  trend  at  the  low  bypass  ratio 
end  of  the  high-disc- loading  curves.  The  trends  show 
that  minimum  weight  v  ::ald  have  been  obtained  at  a  disc 
loading  of  18  psf  ana  a  bypass  ratio  of  six.  However, 
this  disc  loading  was  backed  off  to  15  psf  to  minimize 
hover-downwash  velocity  at  the  midpoint  of  the  mission. 

The  critical  rotor-drive-system  torque  was  found  to 
occur  at  the  200  knot  1500  fpm  rate  of  climb  criteria. 

A  performance  summary  is  shown  in  Figure  15  and  the 
mission  profile  in  Figure  16.  A  drag  breakdown  and 
detailed  performance  data  are  contained  in  Appendix  I. 

b.  Design  Point  II  Capsule  Recovery  Aircraft 

Since  air-to-air  refueling  was  permitted  on  this  mis¬ 
sion,  it  was  evident  that  the  useful  load  required 
would  be  a  minimum  for  hovering  flight;  if  the  aircraft 
arrived  at  midpoint  with  just  enough  fuel  to  hover, 
pick  up  the  capsule,  climb,  and  rendezvous  with  the 
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Figure  14.  Design  Point  I  Rescue  Aircraft.  Trade-offs  of 
Disc  Loading  and  Bypass  Ratio  With  Gross  Weight 
at  Midpoint. 
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Figure  16.  Design  Point  I  Rescue  Mission  Profile 
and  Performance. 
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tanker,  and  still  have  the  stipulated  reserves  left  at 
this  point.  It  was  found  that  if  one  refueling  were 
made  on  the  outbound  leg#  the  initial  takeoff  fuel 
required  gave  an  aircraft  with  compatible  initial  take¬ 
off  and  midpoint  takeoff  gross  weights.  It  was  then 
necesseury  ts  refuel  as  stated,  immediately  after  cap¬ 
sule  pickup  and  on  one  more  occasion  on  the  returned 
leg.  A  3-view  of  this  aircraft  and  scNne  salient  charac¬ 
teristics  are  shown  in  Figure  17.  The  variation  of 
gross  weight  with  number  of  engines  installed  is  shotm 
in  Figure  18.  As  might  be  expected  from  the  less 
stringent  hover  conditions  required  compared  with  those 
of  the  rescue  aircraft,  the  choice  of  nximber  of  engines 
is  not  quite  as  clear  cut.  However,  four  engines  were 
still  selected  on  the  basis  that  this  was  a  long  over¬ 
water  mission,  and  that  compatibility  with  Design  Point 
I  should  be  kept,  wherever  possible,  without  compromis¬ 
ing  the  design  for  capsule  recovery.  The  trade-offs 
made  for  Design  Point  I  showed  that  engine  sizing  was 
not  a  major  factor  in  selection  of  bypass  ratio  or  disc 
loading.  Since  the  capsule  recovery  mission  is  a  long- 
range  mission,  it  was  decided  that  a  bypass  ratio  and 
a  cruise  altitude  trade-off  should  be  made  as  a  function 
of  the  specific  range,  as  shown  in  Figure  19.  The 
bypass  ratio  was  optimized  at  a  value  of  6  at  an  alti¬ 
tude  of  20,000  feet.  Again  the  disc  loading  was  r<  ' 
stricted  ro  15  for  good  hover  downwash  chauracterist xcs . 

Since  the  return  minimvim  speed  of  200  knots  could  be 
met  with  a  capsule  carried  almost  entirely  external, 
an  aircraft  could  have  been  designed  to  perform  the 
mission  with  a  lower  gross  weight  than  that  shown 
here.  Two  practical  factors  prompted  the  decision  to 
carry  the  capsule  partially  buried  within  the  fuselage. 
First,  this  method  made  it  possible  for  sick  or  injured 
capsule  crew  members  to  leave  the  capsule  and  enter 
the  aircraft  cabin.  Second,  in  the  event  of  a  failure 
of  the  capsule  winching  system,  the  aircraft  could 
land  safely  on  the  landing  gear  with  the  capsule  in 
place. 

The  fuselage  is  pressurized  only  forward  of  the  capsule 
bay.  This  gives  sufficient  pressurized-cabin  space  to 
accommodate  the  aircraft  crew  and  six  more  people. 

When  flying  without  the  capsule,  the  hole  in  the  bottom 
of  the  cabin  is  covered  with  a  folding  hatch.  Just 
prior  to  pickup,  this  hatch  is  folded,  lifted  by  the 
capsule  hoist,  transfer:: ad  to  the  rear  of  the  cabin, 
and  lowered  onto  a  cradle.  The  winch  is  then  brought 
back  on  the  overhead  rail,  ready  for  capsule  pickup. 
Inflatable  seals  are  provided  around  the  edge  of  the 
hole  to  accommodate  the  capsule. 
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Figure  21.  Design  Point  II  (and  Capsule  Recovery  Version  of  Design 
Point  III)  Capsule  Recovery  Mission  Profile  and 
Performance . 
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Appendix  I  gives  a  drag  breakdovm  and  detailed  perform¬ 
ance  data  for  this  aircraft.  A  performance  summary  is 
shown  in  Figure  20  and  the  missicn  profile  is  shown  in 
Figure  21. 

Design  Point  IV  Medium  Transport  Aircraft 

It  was  found  that  a  design  gross  weight  of  85,000  pounds 
was  required  for  an  aircraft  to  perform  this  mission. 
This  weight  is  18/000  pounds  higher  than  the  Design 
Point  I  Rescue  Vehicle.  The  general  arrangement  and 
the  basic  characteristics  of  this  vehicle  are  shown  in 
Figure  22. 

In  the  trade-offs  loade  to  establish  the  minimum  gross 
weight  aircraft,  the  choice  between  four  or  two  engines 
was  just  as  clear  cut  in  favor  of  four  engines  as  for 
the  Design  Point  I  aircraft.  The  trade-off  of  gross 
weight  with  bypass  x'atio  and  disc  loading,  as  shown 
in  Figure  23,  was  generally  similar,  for  the  same 
reasons  as  the  Design  Point  I  trade-off.  The  optimum 
occurred  at  a  bypass  ratio  of  six  and  a  disc  loading  of 
16.  In  this  case,  the  disc  loading  is  for  the  initial 
takeoff  gross  weight,  and  is  therefore  much  lover  at 
the  midpoint  of  the  mission. 

The  fuselage  was  sized  to  take  four  •ISSL  system  pallets. 
In  order  to  minimize  the  fuselage  width,  it  was  assumed 
that  these  pallets  could  be  loaded  with  the  88-inch 
dimension  across  the  width  of  the  cargo  box,  and  room 
was  left  for  a  man  to  walk  by  on  each  side  for  inflight 
unlocking  of  the  pallets  for  air-drop  or  dump-truck 
unloading  techniques. 

A  summary  of  the  performance  of  the  transport  aircraft 
is  shown  in  Figure  24,  and  it  can  be  seen  that  the 
17,0C0  pounds  payload  mission  can  be  acccxnplished  well 
within  the  1,000  foot  takeoff  and  landing  distance. 

The  drag  breakdown  of  the  aircraft,  and  more  detailed 
performance,  is  given  in  Appendix  I.  Figures  25  and 
26  are  mission  profiles  for  the  10,000-  and  17,000- 
pound  payload  missions. 

Detailed  characteristics  of  the  three  basic  mission 
designs  are  given  in  Table  I  and  weight  summaries  in 
Tables  II,  III  and  IV. 


DESICN  TAKEOFF  WEIGHT . 84,972  LB 

EMPTY  WEIGHT  . 58,860  LB 


Figure  22.  3-View  of  Design  Point  IV  Transport  Aircraft 
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Figure  23.  Design  Point  IV  Bypass  Ratio  and  Disc  Loading  Trend  Study. 
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24.  Design  Point  IV  Performance  Summary 
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Figure  25. 
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Design  Point  IV  Transport  Mission 
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Design  Point  IV  Transport  Mission  Profile  and 
Performance,  8.5  Ton  Payload. 
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Figure  26. 


TABLE  I.  CHARACTERISTICS  OF  BASIC  MISSION  AIRCRAFT 


Characteristic 

Design 
Point  I 
Rescue 

Design 
Point  II 
Capsule 
Pickup 

Design 
Point  IV 
Transport 

WEIGHTS 

Design  Takeoff  Weight 
(lb) 

67,049 

77,697 

84,972 

Maximum  Takeoff  V7eight, 

77,900 

111,400 

110,200 

Ferry  (lb) 

Empty  Weight  (lb) 

42,714 

55,795 

58,850 

Design  Mission  Fuel 

22,600 

20,000 

14,462 

(lb) 

Fuel  Tank  Capacity, 

22,600 

24,200 

30,065 

Wing  Only  (lb) 

POWER 

Total  Horsepower 

17,454 

22,400 

19,766 

SL  Std  Max  (hp) 

Number  of  Engines 

4 

4 

4 

Horsepower  Each  (hp) 

4,363 

5,600 

4,941 

Bypass  Ratio 

6.0 

6.0 

6.0 

Rotor  Transmission 

6,300  hp 

6,710  hp 

6,250  hp 

Torque  Limit  (at  the 

at  79 

at  70 

at  70 

following  conditions) 

percent 

percent 

percent 

rpm 

rpm 

rpm 

(climb) 

(climb) 

(climb) 

ROTOR 

Diameter  (ft) 

49.20 

57.50 

58.10 

Number  of  Rotors 

2 

2 

2 

Rotor  Power  Limit 

6,215 

7,585 

7,800 

(each  at  100  perce.it 
rpm,  hover)  (hp) 

Disc  Loading 

15  psf  at 

15  psf  at 

16  psf  at 

midpoint 

midpoint 

takeoff 

gr  wt 

gr  wt 

gr  wt 

Solidity 

0.100 

0,100 

0.1035 

Number  Blades  per  Rotor 

4 

4 

4 

Average  Blade  Chord  (ft) 

1.93 

2.25 

2.36 

DIMENSIONS  (Overall) 

Length,  Rotors  Folded 

70.00 

74.75 

89.70 

(ft) 

■p 
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TABLE  I 


(Continued) 


Characteristic 

Design 
Point  I 
Rescue 

Design 
Point  II 
Capsule 
Pickup 

Design 
Point  IV 
Tremsport 

Width,  Rotors  Folded  . 

63.33 

75.25 

78.00 

(ft) 

Height,  Rotors  Folded 

23.75 

27.50 

28.40 

(ft) 

Length,  Rotors  Unfolded 

70.00 

74.75 

89.70 

(ft) 

Width,  Rotors  Unfolded 

108.08 

128.00 

130.20 

(ft) 

Height,  Rotors  Unfolded 

29.00 

31.25 

34.20 

(ft) 

FUSELAGE 

Fuselage  Length  (ft) 

61.25 

66.17 

75.30 

Fuselage  Width  (ft  -  in.) 

6.67  - 

11.67  - 

11.33  - 

80 

140 

136 

Fuselage  Height 

8.75  - 

9.58  - 

12.25  - 

(ft  -  in.) 

105 

115 

147 

CABIN  SIZE  (Internal  Dimensions) 

Length  (ft) 

22.00 

8.25* 

29.00 

Width  (ft  ~  in.) 

5.50  - 

8.00  - 

8.34  - 

66 

96* 

100 

Height  (ft  -  in.) 

7.00  - 

6.50  - 

9.00  - 

84 

78* 

108 

WING 

Span  (ft) 

58.88 

70.50 

72.10 

Area  (sq  ft) 

746 

867 

1,038 

Aspect  Ratio 

4.65 

5.72 

5.02 

Wing  Loading  at  Take¬ 

SO 

90 

82 

off  Gross  Weight  (psf) 

Sweep  1/4  Chord 

7 

4 

3.5 

(degrees) 

Taper  Ratio 

0.60 

0.60 

0.60 

MAC  (ft) 

12.90 

12.65 

14.70 

C  (ft) 

12.65 

12.30 

14.40 

Cr  (ft) 

15.80 

15.40 

17.96 

Ct  (ft) 

9.50 

9.23 

10.78 

T/C  Root  and  Tip 

16 

16 

16 

(percent) 


♦Internal  Dimensions 
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TABLE  I.  (Continued) 


Characteristic 

Design 
Point  I 
Rescue 

Design 
Point  II 
Capsule 
Pickup 

Design 

Point  IV 
Transport 

Dihedral 

zero 

zero 

zero 

Incidence  (degrees) 

3 

3 

2 

Twist 

none 

none 

none 

HORIZOKTAL  TAIL 

Span  (ft) 

28.17 

30.50 

34.50 

Area  (sq  ft) 

198 

231 

298 

Aspect  Ratio 

4.0 

4.0 

4.0 

Tail  Volume 

0.805 

0.800 

1.000 

Moment  Ana  (ft) 

38.60 

38.00 

51.30 

(3  mac) 

(3  mac) 

(3.5  mac) 

Taper  Ratio 

0.333 

0.300 

0.400 

Sweep  1/4  Chord 

25 

25 

30 

(degrees) 

MAC  (ft) 

7.60 

8.16 

9.25 

HORIZONTAL  TAIL 

C  (ft) 

7.00 

7.52 

8.65 

Cr  (ft) 

10.50 

11.30 

12.35 

Ct  (ft) 

3.50 

3.75 

4.94 

T/C  Root  and  Tip 

15 

15 

15 

(percent) 

Dihedral 

zero 

zero 

zero 

Incidence  (degrees) 

+25,  -8 

+25,  -8 

+25,  -8 

VERTICAL  TAIL 

Span,  Height  (ft) 

12.42 

14.90 

11.17 

Area  (sq  ft) 

154 

222 

175.2 

Aspect  Ratio 

1.00 

1.00 

0.712 

Tail  Volvime 

0.100 

0.100 

0.0862 

Moment  Arm  (ft) 

28.30 

28.60 

36.80 

(2.2  mac) 

(2.26  mac) 

(2.44  mac) 

Taper  Ratio 

0.535 

0.535 

0.620 

Sweep  1/4  Chord 

42 

42 

42 

(degrees) 

MAC  (ft) 

12.75 

15.30 

14.34 

C  (ft) 

12.43 

14.90 

15.71 

Cr  (ft) 

16.20 

19.40 

19.40 

Ct  (ft) 

8.66 

10.40 

12.02 

T/C  Root  arwd  Tip 

14 

14 

15 

(percent) 

TK 
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TABLE  I.  (Continued) 


Design 

Design 
Point  II 

Design 

Point  I 

Capsule 

Point  IV 

Characteristic 

Rescue 

Pickup 

Transport 

ROTOR  POO 


Length  (ft) 

35.00 

38.88 

39.00 

Diameter  (ft) 

4.16 

4.57 

5.07 

LANDING  GEAR 

Nose,  Tires  (Type  and 

Type  VII 

Type  VII 

Type  III 

Size) 

22  X  6.6 

30  X  7.7 

12.50-16 

Main,  Tires  (Type  and 

Type  VII 

Type  VII 

Type  III 

Size) 

36  X  11 

32  X  8.8 

17-16 

Auxiliary  Outrigger 

Tires  (Type  and  Size) 

Type  III 
7.00-6 

none 

none 

Tread  (ft) 

20.80 

15.00 

12.32 

Wheel  Base  (ft) 

28.00 

30.75 

27.00 

Turn  Over  Angle 

>  27 

27 

31 

(degrees) 

Tip  Back  Angle  (degrees) 

30 

30 

20 

Flare  Angle  (degrees) 

15 

16 

15 

TABLE  II 


HEIGHT  SUHHAKr  FOR  DESIGN  POSIT  I  RBSCOE  AIRCRAFT 
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TABLE  IV 


WEK^T  SUIMARY  FOR  DESIGN  POINT  IV  TRANSPORT 
MlSSIim  AIRCRAFT 


3.  MHLTIMISSION  DESIGNS 


The  intent  of  this  analysis  was  to  determine  the  degree  of 
compatibility  between  aircraft  designed  first  to  the  rescue 
and  capsule  recovery  missions  (Design  Point  III) »  and  then 
to  all  three  missions  (Design  Point  V) ,  and  the  compromise 
necessary  to  combine  these  mission  capabilities  in  sub-* 
stantially  common  airframes.  As  a  minimum,  this  commonality 
was  extended  to  the  lift/propulsion  system  comprising  the 
wing,  engines,  drive  system,  and  rotors.  The  relative 
numbers  of  production  aircraft  which  might  be  required  for 
each  mission  was  considered  in  determining  the  degree  of 
commonality. 

A  combination  of  the  rescue  and  capsule  recovery  missions 
into  Design  Point  III  (Figure  27)  naturally  results  in  an 
aircraft  of  the  same  size  as  the  larger  of  the  two  single¬ 
mission  aircraft.  The  lift/propulsion  system  of  the  capsule 
recovery  aircraft  will  also  accommodate  the  rescue  mission 
requirements  if  the  drive  system  is  uprated  slightly. 

Thus  the  basic  Design  Point  III  vehicle  is  a  capsule 
recovery  lift/propulsion  system  with  an  uprated  drive 
system  combined  with  a  rescue  mission  fuselage  for  the 
Design  Point  I  mission.  This  vehicle  is  then  modified  by 
the  substitution  of  an  enlarged  center  fuselage  section  for 
the  capsule  recovery  role  and  is  then  identical  to  the 
Design  Point  II  aircraft.  The  required  number  of  the 
latter  configuration  is  likely  to  be  small.  Such  a  factory 
modification  of  a  limited  number  of  aircraft  appears  to 
be  the  most  satisfactory  solution,  if  only  the  rescue  and 
capsule  recovery  missions  are  considered.  Performance  in 
the  rescue  role  is  shown  in  Figure  28  and  the  corresponding 
mission  profile  is  given  in  Figure  29.  In  the  capsule 
recovery  role,  these  are  the  same  as  Design  Point  II  (Fig¬ 
ures  20  and  21). 

As  might  be  expected,  the  aircraft  size  for  the  Design 
Point  IV  medium  transport  role,  with  a  fuselage  tailored 
to  the  463L  cargo  handling  system,  is  considerably  larger 
than  either  the  Mission  I  or  II  aircraft.  In  configuring 
the  Design  Point  V  multimission  aircraft  to  accomplish  the 
three  basic  missions,  certain  ground  rules  were  established. 
These  ground  rules  were; 

a.  The  lift-propulsion  system  should  be  common. 

b.  The  base  aircraft  fuselage  should  be  for  the  transport 
mission  since  this  is  likely  to  be  built  in  the 
largest  quantities. 

c.  Since  the  number  of  capsule  recovery  aircraft  required 
is  likely  to  be  small,  this  role  should  entail  a 
minimum  modification  to  the  basic  fuselage. 
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Figure  29.  Design  Point  III  (Multimission)  Rescue  Mission 
Profile  and  Performance. 
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d.  While  the  required  quantities  of  roscue  ships  may 

not  justify  development  of  a  new  c-ircraft/  the  number 
would  be  sufficiently  large  to  warrant  major  modifi¬ 
cation  of  an  existing  airtrame.  Consequently,  a  new 
fuselage  is  permissible  for  the  rescue  version  if  the 
weight  and  drag  of  the  transport  fuselage  makes  it 
impossible  to  do  the  rescue  mission  with  the  basic 
airplane . 

The  first  step  in  designing  the  Design  Point  V  (Figure  30) 
aircraft  was  to  resize  the  basic  transport  aircraft  for  a 
400-knot  speed  capability  for  the  capsule  pickup  mission. 
This  resulted  in  a  104,000-pound  design  gross  weight 
aircraft,  which,  with  a  suitably  modified  fuselage,  was  able 
to  fulfill  the  capsule  pickup  role.  The  performance  of  the 
transport  is  shown  in  Figure  31  and  the  mission  profile  in 
Figure  32.  While  it  was  obviously  desirable  to  do  the 
rescue  mission  with  the  basic  airframe  unchanged,  it  was 
found  that  the  drag  and  weight  of  the  large  fuselage  forced 
the  required  takeoff  weight  for  this  mission  up  to  127,000 
pounds  for  a  mission  fuel  weight  of  49,000  pounds.  While 
this  was  tolerable  in  itself,  the  resulting  midpoint  gross 
weight  required  18  percent  more  power  than  is  installed  in 
the  base  transport/capsule  pickup  aircraft.  Therefore, 
rather  than  increase  the  size  of  the  basic  lift/propulsion 
system  still  further,  a  new  smaller  fuselage  was  designed 
for  the  rescue  version  of  Design  Point  V.  The  resulting 
reduction  in  drag  and  weight  makes  it  possible  to  do  the 
rescue  mission  without  increasing  the  size  of  the  basic 
lift/propulsion  system,  since  the  midpoint  gross  weight  was 
reduced  to  94,000  pounds,  which  is  permissible  from  a  power 
standpoint.  The  modified  rescue  version  of  Design  Point  V 
is  shown  in  Figure  33.  Mission  profiles  for  the  capsule 
recovery  and  rescue  missions  are  given  in  Figures  34  and  35. 

Detailed  characteristics  of  the  multimission  aircraft 
variants  are  shown  in  Table  V  and  weight  summaries  are 
given  in  Tables  VI  through  X. 


65 


67 


Figure  31.  Design  Point  V  Basic  Mission  Performance  Summary 
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Figure  34. 


TABLE  V.  CHARACTERISTICS  OF  MULTIHISSION  AIRCRAFT 


Charactevistic 

Design 
Point  III 
Multimission 
(Rescue) 

Design 
Point  V 
Hultimission 
(Rescue) 

Design 
Point  V 
Maltimission 
(Transport) 

WEIGHTS 

Design  Takeoff 
Weight  (lb) 

88,462 

110,800 

104,190 

Mcucimiim  Takeoff 
Weight,  Ferry  (lb) 

105,312 

128,717 

145,112 

Empty  Weight  (lb) 

57,632 

73,237 

74,532 

Design  Mission  Fuel 
(lb) 

29,000 

35,503 

17,998 

Fuel  Tank  Capacity, 
Wing  Only  (lb) 

POWER 

29,100 

41,400 

41,400 

Total  Horsepower 

SL  Std  Max  (hp) 

22,400 

29,704 

29,704 

Number  of  Engines 

4 

4 

4 

Horsepower  Each  (hp) 

5,600 

7,426 

7,426 

Bypass  Ratio 

6.0 

6.0 

6.0 

Rotor  Transmission 

7,600  hp  at 

7,772  hp  at 

7,772  hp  at 

Torque  Limit  at 

79  percent 

70  percent 

70  percent 

the  Following 
Conditions  (hp) 

ROTOR 

(climb) 

(cruise) 

(cruise) 

Diameter  (ft) 

57.50 

64.40 

64.60 

Number  of  Rotors 

2 

2 

2 

Rotor  Power  Limit 
(each  at  100 
percent  rpm, 
hover)  (hp) 

8,045 

9,565 

9,565 

Disc  Loading 

14.5  psf  at 
midpoint 
gr  wt 

17  psf  at 
takeoff 
gr  wt 

16  psf  at 
takeoff 
gr  wt 

Solidity 

0.100 

0.1035 

0.1035 

Number  of  Blades 
per  Rotor 

4 

4 

4 

Average  Blade 

Chord  (ft) 

2.25 

2.61 

2.61 

■)* 
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TABLE  V.  (Continued) 


I 

I 
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Design 

Design 

Design 

Point  III 

Point  V 

Point  V 

Multimission 

Multimission 

Multimission 

Characteristic 

(Rescue) 

(Rescue) 

(Rescue) 

DIMENSIONS  (Overall) 

Length ,  Rotors 

74.75 

95.30 

92.25 

Folded  (ft) 

Width,  Rotors 

75.25 

84.60 

84.60 

Folded  (ft) 

Height,  Rotors 

27.50 

31.90 

32.10 

Folded  (ft) 

Length ,  Rotors 

74.75 

95.30 

92.25 

Unfolded  (ft) 
Width,  Rotors 

128.00 

142.80 

142.80 

Unfolded  (ft) 
Height,  Rotors 

31.25 

35.30 

37.50 

Unfolded  (ft) 

FUSELAGE 

Fuselage  Length  (ft) 

66.17 

76.40 

75.30 

Fuselage  Width 

9.00  -  108 

6.67  -  80 

11.33  -  136 

(ft-in. ) 

Fuselage  Height 

9.58  -  115 

8.75  -  105 

12.25  -  147 

(ft-in.) 

CABIN  SIZE  (Internal 

Dimensions) 

Length  (ft) 

27.00 

27.00 

29.00 

Width  (ft  -  in.) 

7.50  -  90 

5.50  -  66 

8.34  -  100 

Height  (ft  -  in.) 

6.50  -  78 

6.00  -  72 

9.00  -  108 

WING 


Span  (ft) 

70.50 

78.40 

78.40 

Area  (sq  ft) 

867 

1,270.6 

1,270.6 

Aspect  Ratio 

5.72 

4.84 

4.84 

Wing  Loading  at 

102 

87.1 

82 

Takeoff  gr  wt  (psf) 

Sweep  1/4  Chord 

4 

3.5 

3.5 

(degrees) 

Taper  Ratio 

0.60 

0.60 

0.60 

MAC  (ft) 

12.65 

16.54 

16.54 

C  (ft) 

12.30 

16.20 

16.20 

Cr  (ft) 

15.40 

20.25 

20.25 

Ct  (ft) 

9.23 

12.16 

12.16 

T/C  Root  and  Tip 

16 

16 

16 

(percent) 
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TABLE  V.  (Continued) 


Design 

Design 

Design 

Point  III 

Point  V 

Point  V 

Multimission 

Multimission 

Multimission 

Characteristic 

(Rescue) 

(Rescue) 

(Rescue) 

WING 


Dihedral 

zero 

zero 

zero 

Incidence  (degrees) 

3 

2 

2 

Twist 

none 

none 

none 

HORIZONTAL  TAIL 

Span  (ft) 

30.50 

41.00 

41.00 

Area  (sq  ft) 

231 

421 

421 

Aspect  Ratio 

4.0 

4.0 

4.0 

Tail  Volume 

0.800 

1.028 

1.028 

MoiTint  Arm  (ft) 

38.00 

51.30 

51.30 

(3  mac) 

(3.1  mac) 

(3.1  mac) 

Taper  Ratio 

0.300 

0.400 

0.400 

Sweep  1/4  Chord 

25 

30 

30 

(degrees) 

MAC  (ft) 

8.16 

10.90 

10.90 

C  (ft) 

7.52 

10.25 

10.25 

Cr  (ft) 

11.30 

14.64 

14.64 

Ct  (ft) 

3.75 

5.86 

5.86 

T/C  Root  and  Tip 

15 

15 

15 

(percent) 

Dihedral 

zero 

zero 

zero 

Incidence  (degrees) 

+25,  -8 

+25,  -8 

+25,  -8 

VERTICAL  TAIL 

Span,  Height  (ft) 

14.90 

15.50 

15.50 

Area  (sq  ft) 

222 

243.5 

243.5 

Aspect  Ratio 

1.00 

0.985 

0.985 

Tail  Volume 

0.100 

0.0840 

0.0840 

Moment  Arm  (ft) 

28.60 

34.18 

34.18 

(2.26  mac) 

(2.065  mac) 

(2.065  mac) 

Taper  Ratio 

0.535 

0.620 

0.620 

Sweep ,  1/4  Chord 

42 

45 

45 

(degrees) 

MAC  (ft) 

15.30 

16.08 

16.08 

C  (ft) 

14.90 

15.80 

15.80 

Cr  (ft) 

19.40 

19.50 

19.50 

Cip  (ft) 

10.40 

12.10 

12.10 

T/C  Root  and  Tip 

14 

15 

15 

(percent) 
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TABLE  V.  (Continued) 


Design 

Design 

Design 

Point  III 

Point  V 

Point  V 

Multimission 

Multimission 

Multimission 

Characteristic 

(Rescue) 

(Rescue) 

(Rescue) 

ROTOR  POD 


Length  (ft) 

38.88 

42.90 

42.90 

Diameter  (ft) 

4.57 

5.62 

5.62 

LANDING  GEAR 

Nose,  Tires  (Type 

Type  VII 

Type  III 

Type  III 

and  Size) 

30  X  7.7 

12.50-16 

9.50-16 

Main,  Tires  (Type 

Type  VII 

Type  III 

Type  III 

and  Size) 

32  X  8.8 

17-16 

17-16 

Auxiliary  Outrigger 
Tires  (Type  and 

none 

Type  III 
7.00-6 

none 

Size) 

Tread  (ft) 

15.00 

35.70 

12.32 

Wheel  Base  (ft) 

30.75 

29.30 

30.00 

Turn  Over  Angle 

27 

>  27 

32 

(degrees) 

Tip  Back  Angle 

30 

18 

20 

(degrees) 

Flare  Angle 

16 

10 

18 

(degrees) 
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TABLE  VII.  NBIGHT  SUMOUH  FOR  DESIGN  POINT  III  MDLTIMISSION 
capsule  RBCOVBRy  ROXE 
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TABLE  IZ.  NEKST  SOMMAKr  FOR  DB8IGH  FOIST  V  NCLTIMISSIOH 
AIRCRAFT  n  CAPSULE  RECOVER!  ROLE 
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TABLE  X.  HEIGHT  SOMIMff  lOB  D8S1GH  POINT  V  NDUmiXNSXQN 
AIBCKAPT  IN  TRAHSPONT  ROUt 
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4.  SELECTION  OF  BASELINE  AIRCRAFT 


Hie  above  studies  show  that  the  aircraft  required  to  fulfill 
all  of  the  requiraoents  of  the  three  basic  i^ssions  is 
large,  certainly  for  the  first  of  a  new  VTOL  aircraft  type 
such  eis  the  stowed  tilt  rotor.  This  is  so  even  if  the 
degree  of  commonality  is  restricted  to  the  beisic  lift/pro~ 
pulsion  system.  In  establishing  a  baseline  aircraft  for 
further  studies  it  was  decided  that  tlie  weight  should  be  no 
higher  than  that  of  the  basic  rescue  aircraft  but  other 
versions  of  this  design  should  be  investigated  to  determine 
their  usefulness.  It  was  found  that  a  transport  aircraft, 
based  on  the  rescue  aircraft  lift/propulsion  system,  could 
exceed  the  medium  transport  mission  requirements  if  some 
con^romise  were  made  in  fuselage  box  size. 

The  Design  Point  IV  transport  aircraft  has  a  cargo  compeu:t~ 
ment  measuring  29  feet  in  length,  100  inches  width  between 
the  wheel  wells,  and  110  inches  in  hei^t.  These  dimensions 
are  predicated  on  loading  either  10,000  or  17,000  pounds  of 
cargo  and  utilizing  the  463L  cargo  handling  system;  provid¬ 
ing  adequate  width  to  permit  the  crew  to  traverse  the  entire 
length  of  the  aircraft  when  fully  loaded;  and  allowing  the 
pallets  to  be  loaded  to  a  height  of  8  feet. 

The  baseline  transport  aircraft  configuration  can  carry  the 
same  cargo  weights  as  the  Design  Point  IV  transport  (10,000 
or  17,000  pounds)  with  restrictions  only  on  the  1<m  density 
cargos.  Palletized  loads  88  inches  wide  by  5  feet  in  height 
may  be  loaded  from  trucks  or  by  using  fork  lifts  and  keeping 
the  ramp  horizontal.  Eighty-eight  inch  wide  pallet  load 
height  may  be  increased  to  80  inches  if  the  width  is 
decreased  from  88  inches  at  a  f^O-inch  height  to  a  maximum 
width  of  70  inches  at  80-inch  height.  Pallet  loads  88 
inches  wide  by  approximately  4  feet  in  height  may  be  loaded 
over  the  sloping  ramp.  The  baseline  transport  cargo-hold 
dimensions  will  not  permit  the  crew  to  move  aft  alongside 
the  cargo  when  fully  loaded  but  there  is  sufficient  head- 
room  to  permit  their  going  aft  over  the  top  of  rectangular 
loads  which  are  80  inches  wide.  Loads  80  inches  wide  and 
75  inches  high  may  be  loaded  over  the  ramp. 

The  above  concessions  to  volume  and  crew  mobility  have  per¬ 
mitted  a  reduction  in  fuselage  cross-section  from  a  floor 
width  of  100  inches  to  96  inches  and  in  floor  to  ceiling 
height  of  from  110  inches  to  84  inches.  A  comparison  of 
the  two  fuselage  cross-sections  is  shown  on  Figure  36. 

Table  XI  presents  a  comparison  of  the  cargo  hold  dimensions 
of  some  aircraft  of  similar  capacity. 

The  resulting  baseline  aircraft  are  described  in  Section  V, 
BASELINE  CONFIGURATION  DESCRIPTION. 
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TABLE  XI «  COMPARISON  OF  MEDIUM  TRANSPORT  AIRCRAFT 
CARGO  BOLD  DIMENSIONS 


Aircraft 

Designation 

Length 
(ft  -  in.) 

Width 

(in.) 

Height 

(in.) 

Design  Point  r/ 

29 

100 

110 

Baseline  Aircraft 

30 

96 

84 

CH-46 

24-2 

79 

70 

CH-47 

30-2 

90 

78 

CH-53 

30 

90 

78 

XC-142 

30 

90 

84 

CV-7A 

31-4 

93 

74 

C123 

28-9 

110* 

97 

C-2A 

31-8 

98  to  84 

75 

CV-2B 

28-9 

73 

75 

C-119G 

36  -  11 

no 
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SECTIOM  V 


BASELINE  CONFIGURATION  DESCRIPTION 


GENERAL  ARRANGEMENT  AND  CHARACTERISTICS 


As  described  in  the  previous  Section,  the  baseline  approach 
is  to  use  the  Design  Point  I  aircraft  with  sesne  icodifica- 
tions  for  the  rescue  mission,  and  to  use  an  identical  lift 
propulsion  system  with  a  new  larger  fuselage  and  STOL  land¬ 
ing  gear  for  transport  application.  The  major  differences 
between  the  Design  Point  I  aircraft  and  the  baseline  rescue 
aircraft  are: 

a.  A  small  increase  in  span  to  preserve  rotor  tip  to 
fuselage  side  clearance  for  the  transport  variant. 

b.  The  wing  thickness  was  increased  from  16  percent  to 

20  percent  thickness -chord  ratio  using  a  new  advanced- 
technology  airfoil  described  in  Section  VI,  Aerodynamics 

c.  A  change  in  wing  geometry  from  a  straight  taper  to  a 
cranked  planform  to  reduce  the  nacelle  pivot  to  rotor 
plane  overhang.  This  planform  and  its  development  is 
described  more  fully  in  Volume  II. 

d.  Elimination  of  the  under-floor  fuel  in  view  of  the 
increased  fuel  volume  available  in  the  thicker  wing. 

e.  For  the  baiseline  aircraft  configured  for  the  transport 
mission  the  landing  gear  was  designed  in  accordance 


with 

the  following  requirements 

• 

• 

(1) 

California  bearing  ratio 

(CBR) 

4 

(2) 

Number  of  passes 

75 

(3) 

Maximum  sinking  speed 

15  fps 

(4) 

Limit  landing  load 

3.0g  at  aircraft  eg 

factors 

2.0g  at  gear 

(5) 

Capable  of  rough  field 
operation 

Three-view  drawings  of  the  baseline  rescue  aircraft  and 
transport  aircraft  are  shown  in  Figures  37  and  38,  and  an 
inboard  profile  of  the  rescue  vehicle  fuselage  in  Figure  39. 

While  more  detailed  data  on  the  baseline  aircraft  are 
available  in  other  parts  of  this  report,  the  principal 
items  of  interest  are  summarized  here  for  convenience. 

Table  XII  gives  the  major  weights,  dimensions,  and  other 
data  on  the  two  baseline  aircraft;  and  Table  XIII  gives 
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Figure 


TABLE  XII.  GENERAL  CHARACTERISTICS  OP  BASELINE  AIRCRAFT 


Characteristics 

Baseline 

Rescue 

Version 

Aircraft 

'hransport 

Version 

WEIGHTS 

Design  Takeoff  Weight  (lb) 

67,000 

67,000 

Maximum  Takeoff  Weight,  Ferry  (lb) 

78,522 

80,387 

Empty  Weight  (lb) 

43,336 

44,607 

Design  Mission  Fuel  (lb) 

21,929 

11,058 

Fuel  Tank  Capacity,  Wing  Only  (lb) 

22,000 

22,000 

POWER 

Total  Horsepower  SL  Std  Max  (hp) 

17,454 

17,454 

Number  of  Engines 

4 

4 

Horsepower  Each  (hp) 

4,363 

4,363 

Bypass  Ratio 

6.0 

6.0 

Rotor  Transmission  Torque  Limit 

6,300 

6,300 

At  the  Following  Conditions  (hp) 

79  per- 

79  per- 

cent 

cent 

(climb) 

(climb) 

ROTOR 

Diameter  (ft) 

49.20 

49.20 

Nvimber  of  Rotors 

2 

2 

Rotor  Power  Limit  (Each) 

6,215 

6,215 

At  the  Following  Conditions  (hp) 

100  per- 

100  per- 

cent  rpm 

cent  rpm 

(hover) 

(hover) 

Disc  Loading  at  Midpoint 

Gross  Weight  (psf) 

15 

15 

Solidity 

0.100 

0.100 

Number  Blades/Rotor 

4 

4 

Average  Blade  Chord  (ft) 

1.93 

1.93 

DIMENSIONS  (Overall) 

Length,  Rotors  Folded  (ft) 

68.25 

70.00 

Width,  Rotors  Folded  (ft) 

66.10 

66.10 

Height,  Rotors  Folded  (ft) 

22.75 

24.74 

Length,  Rotors  Unfolded  (ft) 

68.25 

70.00 

Width,  Rotors  Unfolded  (ft) 

110.40 

110.40 

Height,  Rotors  Unfolded  (ft) 

25.50 

26.00 

TABLE  XII.  (Continued) 


Baseline  Aircraft 

Lescue  Transport 

Characteristics 

Version  Version 

FUSELAGE 


Fuselage  Length  (ft) 

59.50 

60.00 

Fuselage  Width  (ft  -  in.) 

6.67  - 

10.00  - 

80 

120 

Fuselage  Height  (ft  -  in.) 

8.75  - 

10.42  - 

105 

125 

CABIN  SIZE  (Internal  Dimensions) 

Length  (ft) 

22.00 

30.00 

Width  (ft  -  in.) 

5.50  - 

8.34  - 

66 

100 

Height  (ft  -  in.) 

7.00  - 

7.00  - 

84 

84 

WING 

Span  (ft) 

61.20 

61.20 

Area  (sq  ft) 

744 

744 

Aspect  Ratio 

5.04 

5.04 

Wing  Loading  at  Takeoff 

Gross  Weight  (psf) 

90 

90 

Sweep  1/4  Chord,  Two  Stage  (degree) 

-14  +5 

-14  +5 

Taper  Ratio,  Two  Stage 

0.77/ 

0.77/ 

0.72 

0.72 

MAC  (ft) 

12.40 

12.40 

C  (ft) 

12.20 

12.20 

Cr  (ft) 

16.20 

16.20 

Ct  (ft) 

9.20 

9.20 

T/C  Root  and  Tip  (percent) 

20 

20 

Dihedral 

zero 

zero 

Incidence  (degrees) 

3 

3 

Twist 

none 

none 

HORIZONTAL  TAIL 

Span  (ft) 

28.17 

28.17 

Area  (sq  ft) 

199 

199 

Aspect  Ratio 

4.0 

4.0 

Tail  Volume 

0.805 

0.765 

Moment  Arm  (ft) 

36.6 

35.30 

(2.96 

(2.85 

mac) 

mac) 

Taper  Ratio 

0.333 

0.333 

Sweep  1/4  Chord  (degrees) 

25 

25 
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TABLE  XII.  (Continued) 


Baseline  Aircraft 


Rescue 

Transport 

Characteristics 

Version 

Version 

HORIZONTAL  TAIL 


MAC  (ft) 

7.60 

7.60 

C  (ft) 

7.0C 

7.00 

Cr  (ft) 

10.50 

10.50 

Ct  (ft) 

3.50 

3.50 

T/C  Root  and  Tip  (percent) 

15 

15 

Dihedral 

zero 

zero 

Incidence  (degrees) 

+25,  -8 

+25,  -8 

VERTICAL  TAIL 

Span,  Height  (ft) 

12.42 

12.42 

Area  (sq  ft) 

154 

154 

Aspect  Ratio 

1.00 

1.00 

Tail  Volume 

0.100 

0.088 

lioment  Arm  (ft) 

26.60 

26.00 

(2.15 

(2.10 

mac) 

mac) 

Taper  Ratio 

0.535 

0.535 

Sweep  1/4  Chord  (degrees) 

42 

42 

MAC  (ft) 

12.75 

12.75 

C  (ft) 

12.40 

12.40 

Cr  (ft) 

16.20 

16.20 

Ct  (ft) 

8.66 

8.66 

T/C  Root  and  Tip  (percent) 

14 

14 

ROTOR  POD 

Length  (ft) 

34.20 

34.20 

Diameter  (ft) 

4.65 

4.65 

LANDING  GEAR 

Nose  Tires  (Type  and  Size) 

TYPE  VII 

TYPE  VII 

22  X  6.6 

30  X  7.7 

Main  Tires  (Type  and  Size) 

TYPE  VII 

TYPE  VII 

36  X  11 

32  X  8.8 

Auxiliary  Outrigger  Tires 

TYPE  III 

none 

(Type  and  Size) 

7.00  -  6 

Tread 

22.66 

14.25 

Wheel  Base 

28.00 

24.25 

Turn  Over  Angle 

>  27 

27 

Tip  Back  Angle 

30 

20 

Flare  Angle 

15 

15 

NOMENCLATURE  KEY 


CREW  AND  EQUIPMENT 

1.  PILOT 

2.  COPILOT 

3.  RESCUE  CREW  (3) 

4.  JUMP  SEAT 

5.  INSTRUMENT  PANEL 

6.  ENGINE  CONTROL  PEDESTAL 

7.  SIDE  CONSOLES 

8.  OVERHEAD  INSTRUMENT  PANE  . 

9.  MONOCYCLIC  CONTROL  STICK 

10.  COLLECTIVE  PITCH  STICK 

11.  RUDDER  PEDALS  (MAIN  GEAR  BRAKES) 

12.  FLIGHT  DECK  ENTRANCE 

13.  SIDE  ACCESS  DOOR  (RESCUE) 

14.  RESCUE  HOIST  AND  WINCH 

15.  CRASH  AXE 

16.  PORTABLE  FIRE  EXTINGUISHER 

17.  PORTABLE  OXYGEN  BOTTLE 
AND  MASK  (2) 

18.  REMOTE  CONTROLLED  TURRET  (2) 

19.  AMMO  STOWAGE  (2) 

20.  AMMO  BELT 

21.  GUN  SIGHT 

22.  LITTERS  (6) 

23.  FOLDING  SEATS  (3) 

24.  DAVIT 

25.  WINCH 

26.  POLES  (2) 

27.  LOUDHAILER  ^ 

2a  FOREST  CANOPY  PENETRATOR  ^ 


lOt 

r/9\ 


STRUCTURE 

101.  RADOME 

102.  FLIGHT  DECK 

103.  FORWARD  MAIN  BULKHEAD 

104.  ^K)SE  GEAR  WHEEL  AND  STRUT 

105.  NOSE  GEAR  DOORS 

106.  PRESSURE  BULKHEAD 

107.  DOOR 

106.  VERTICAL  STABILIZER 
10S.  RUDDER 

1 10.  HORIZOr^TAL  STABILIZER 

111.  MAIN  GEAR 

112.  MAIN  GEAR  DOORS 
*i13.  AIR  RESCUE  DOORS 


® 


SUBSYSTEMS 

201.  INFLIGHT 

202.  SEARCHL 

203.  PITOT  TUI 

204.  ANTI-COL 
206.  NAVIGAT 

206.  AVIONICS 

207.  TERRAIN 
206.  GLIDE  SLt 

209.  FMHOMir 

210.  X  BAND  A 

211.  TACAN/IF 

212.  VHF/FMA 

213.  IFFINTEF 

214.  HF-SSBAr 

215.  VOR/LOC 

216.  RADAR  W 

217.  VHFANTI 

218.  RADAR  A 

219.  LOWLIGF 

220.  DOPPLER 

221.  IFFINTEF 

222.  MARKER 

223.  VHF/UHF 

224.  SENSE  AN 

225.  ADFLOOI 

226.  SEXTANT 

227.  CRASH  BE 


Figure  39.  Baseline  Aircraft  Rescue  Version  Inboard  Profile. 
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summaries  of  the  weights.  Ihis  summary  shows  the  changes 
in  weight  which  have  occurred  from  the  initial  selection  of 
the  baseline  airc''nft  to  the  end  of  the  study,  and  reflects 
the  weight  changes  lue  to  refinement  of  the  analysis  and 
inclusion  of  analys  s  of  the  component  designs.  The  weight 
increase  shivvn  for  he  rescue  ship ,  if  the  mid-point  hover 
design  criteria  are  adhered  to,  would  reduce  the  radius  by 
40  nautical  miles.  The  detailed  performance  and  the  drag 
breakdown  given  for  the  Design  Point  I  rescue  aircraft  in 
Appendix  I  also  apply  to  the  bctseline  rescue  aircraft. 

The  drag  breakdown  of  the  tremsport  version  is  given  in 
Table  XIV,  and  a  performance  summary  in  Figture  40. 

The  VTOI;  outrigger-type  landing  gear  of  the  Design  Point  I 
aircraft  was  retained  for  the  baseline  rescue  vehicle,  but 
commonality  with  the  STOL  gear  essential  to  the  transport 
variant  would  be  desirable.  Continuing  work  should  give 
consideration  to  a  basically  comnon  complete  airframe  for 
rescue  and  transport  roles  using  tl'.  basic  transport  fuse¬ 
lage  and  making  minimum  modifications  to  this  fuselage  for 
installation  of  the  rescue  systems  and  armament  installa¬ 
tion  for  the  rescue  role.  Such  an  approach  would  permit 
the  rescue  mission  requirements  to  be  met  if  air  to  air 
refueling  could  be  tolerated  after  completion  oi  the  low 
level  dash  on  the  return  leg. 
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TABLE  XIV.  MINIMUM  PARASITE  DRAG  BREAKDOWN  OP 

BASELINE  AIRCRAFT,  TRANSPORT  VERSION 


WETTED  INCREMENT  f 

e 


COMP<WENT  AREA  C^*  %  (sq  ft) 


FUSELAGE 

1553 

0.001901 

2.9523 

■  3-b"S££ects 

0.3299 

Excrescences 

0.2442 

Canopy 

0.2062 

Afterbody  (Base  Drag) 

0.4575 

4.1901 

WING 

3-b  Effects 

Excrescences 

Gap  “fP®' 

ailerons,  spoilers 

1245.3 

0.002361 

2.9402 

0.9817 

0.1651 

0.3170 

Body  Interference 

0.9188 

5.323 

HORIZONTAL  TAIL 

375.3 

0.00257 

0.9645 

3»D  Effects 

0.2946 

Excrescences  &  Gaps 

0.1124 

Interference 

0.5395 

1.9110 

VERTICAL  TAIL 

310.3 

0.002379 

0.7382 

3-D  Effects 

0.2059 

Excrescences  &  Gaps 

0.0844 

Interference 

0.0677 

1.0962 

ROTOR  NACELLES 

390.3 

0.002048 

0.7993 

3-D  Effects  (per  nacelle) 

0.0673 

Excrescences 

0.1845 

Total 

Interference 

0.1252 

Blades  Folded 

0.2445 

2.8416 

ENGINE  NACELLES 

241.6 

0.00228 

0.5509 

Effects  of  Boattail 

0.0461 

Excrescences  (per  nacelle) 

0.2223 

Total 

Interference 

0.4645 

Inlets 

0.4762 

3.520 

LANDING  GEAR  POD 

154. 

0.002264 

0.3487 

3-D  Effects 

0.0820 

Excrescences 

0.1138 

Interference 

0.1138 

.6583 

MISCELLANEOUS 

Roughness  (%  ^C^A^^  ) 

Cooling 

0.7339 

*Re/ft  = 

2.592  X  10^ 

0.4472 

Trim 

Air  Conditioning 

0.0652 

1.2463 

TOTAL  (sq  ft) 

4901.7 

0.002172 

20.79 
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SEGTIOM  VI 


AERODYNAMICS 


1.  REQUIRED  AMD  AVAILABLE  POWER 

Figure  41  shows  the  power  required  2md  available  for  all 
modes  of  rotor  driven  flight  up  to  250  knots.  These  data 
are  given  for  the  baseline  rescue  aircraft  at  the  3,000 
feet,  95*F  condition  for  the  initial  tedceoff  weight.  The 
thrust  required  and  available  for  the  baseline  rescue 
aircraft  in  the  conventional  fan  driven  flight  mode  is 
given  in  Figure  42.  The  two  mission  cruise  altitudes  were 
selected  for  this  plot.  Mote  that  the  level  flight  speed 
at  normal  rated  power  is  412  knots  at  20,000  feet,  hot  day 
conditions.  The  speed  at  3,000  feet  is  limited  to  370  knots 
by  the  maximum  operating  speed  (V^,  q  limited)  . 

2.  ADVANCED  AIRFOIL  DEVELOPMENT 


Due  to  the  problems  of  wing  to  rotor  clearance  and  nacelle 
overh^mg  the  stowed- til t'-rotor  configuration  is  constrained 
to  an  essentially  upswept  wing.  High  critical  Mach  numbers 
must,  therefore,  be  attained  through  the  use  of  low  thick¬ 
ness  to  chord  ratio  airfoils.  However,  thin  wings  are 
undesirable  from  a  structural  standpoint,  especially  so 
when  the  aircraft  is  literally  picked  up  by  the  wlngtips  in 
hover . 

Fortunately,  recent  development  of  so  called  "peaky" 
airfoil  sections  shows  considerable  promise  of  a  significant 
increase  .n  critical  Mach  number  for  a  given  airfoil  thick¬ 
ness  as  c<xnpared  to  conventional  sections.  The  special 
merits  of  sections  with  peaky  pressure  distributions  are 
due  to  the  favorable  way  in  which  the  supersonic  flow 
develops,  thereby  keeping  the  shock  weak  and  delaying  the 
onset  of  wave  drag  and  shock-induced  separation. 

Boeing  research  has  concentrated  on  sections  of  approxi¬ 
mately  0,10  thickness  chord  ratio  for  high  subsonic  speed 
transport  aircraft  and  rotor  blade  outboard  sections. 

Figure  43  shows  some  of  the  results  of  this  research 
progress  made  up  to  1968,  and  projects  the  capability  ' 
expected  in  1972.  The  20-percent  thick  section  of  the 
baseline  aircraft  was  generated  by  transonic  similarity 
techniques  (Reference  1)  to  give  a  drag  divergence  Mach 
number  of  0,65.  This  is  compatible  with  the  400-knot 
cruise  speed  of  the  rescue  version  and  was  used  to  replace 
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TRUE  AIRSPEED  (KN) 

Figure  41.  Power  Available  and  Required  in  Rotor  Driven  Plight 
Modes  for  the  Baseline  Rescue  Aircraft. 


SB 


THRUST  (1000  LB) 


ALTITUDE  _ 

20,000  FT  — — 
3,000  FT 


Figure  42.  Thrust  Available  and  Required  for  the  Baseline  Rescue 
Aircraft  for  Air  Force  Hot  Day. 


1972 

Objective 


Figure  43.  Transonic  Airfoil  Development 


thtt  16*>p«rc«»t  conventional  section  used  in  the  preliminary 
studies}  it  rjiduces  the  \fi.ng  box  weight  by  thirteen  percent. 
The  data  of  Figure  4^  was  derived  from  Figure  43  and  the 
drag  divergence  projection  for  the  2v.'*percent  thick  airfoil. 
The  expected  1972  capability  trend  was  used  in  ^e  speed 
trade-off  study  of  Section  V. 

3.  AOTOROTATIOM  ANALYSIS 


One  of  the  advantages  of  a  low-disc-loading  tilt-rotor 
aircraft  is  that  it  possesses  a  fair  degree  of  autorotative 
capability.  To  investigate  this  cap6d>ility  a  single 
analysis  of  the  motion  of  a  tilt-rotor  aircraft  in  a 
partial  power  descent  was  derived. 

Briefly  stated f  the  analysis  was  based  on  a  simple  point- 
mass  simulation  of  the  motion  of  the  airframe  and  the 
variation  of  rotor  speed  during  the:  descent.  The  accelera¬ 
tion  of  the  airframe  was  computed  from  the  summation  of  the 
rotor  thrust,  and  the  airframe  weight  and  download  force 
vectors,  using  Newton's  third  law.  The  estimate  of  thrust 
accounted  for  the  power  available  (which  defined  a  static 
thrust),  the  variation  tiirusL.  with  rate  of  sink,  and  the 
increase  in  thrust  due  to  ground  effect.  The  time  rate  of 
change  of  rotor  speed  was  obtained  from  the  relationship 
between  the  power  rec  iired  from  the  rotor  and  the  time 
rate  of  change  of  rol  x  kinetic  energy.  The  power  required 
is  a  function  of  the  required  thrust  which,  in  turn,  is 
obtained  from  a  specicied  value  of  average  blade  lift 
coefficient. 

Simple  axial  momentum  theory  was  used  to  give  an  estimate  of 
the  variation  of  thrust  with  rate  of  sink.  This  theory 
has  been  found  to  give  good  results  at  low  descent 
rates  in  the  range  required  for  the  vortex-ring  state 
but  does  not  apply  for  the  turbulent-brake  or  windmill 
states.  The  increase  in  thrust  due  to  ground  effect  was 
given  by  empirical  ground  effect  curves  obtained  from 
various  sources.  The  curves,  shown  in  Figure  45,  were 
also  used  for  the  STOL  performance  analysis. 

The  assumed  descent  profile  consisted  of  the  following; 
the  aircraft  was  assumed  to  be  at  some  wheel  height  with 
an  initial  rate-of-sink  and  all  engines  operating.  At  time 
zero,  a  number  of  engines  fail,  and  power  drops  instantly 
to  the  level  of  output  of  the  remaining  engines.  After  a 
0.2  second  delay,  the  pilot  commands  emergency  power  and 
the  power  begins  to  ramp  up  to  the  emergency  level  on  the 
remaining  engines.  At  some  given  wheel  height  (flare 
height) ,  the  pilot  pulls  in  collective  pitch  to  reduce  the 
rate  of  sink  for  touchdown.  The  simulation  ends  when  the 
aircraft  contacts  the  ground. 
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Figure  45.  Ground  Effect  on  Rotor  Thrust  at  Constant  Power. 
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The  (differential)  equatiofts  of  Kotion  were  solved  using 
nuBerical  integration  techniques  to  produce  tiMe-histories 
of  wheel  height,  rate-of-sink,  and  rotor  speed  frosi  engine 
failure  at  the  SO’-foot  wheel  hei^t  to  ground  c(mtact. 

Typical  results  of  the  analysis  are  shown  in  Figure  46. 

These  curves  show  time  histories  of  rate-of -sink ,  rotor 
speed,  and  thrust  to  weight  ratio  with  various  assused 
flare  heists.  These  results  indicate  that  ^en  the  pilot 
initiates  the  collective  pitcdi  flare  at  about  10-foot 
wheel  height,  the  rate  of  sink  at  tou(didown  is  reduced  to 
about  4  fps  with  about  60  rpffl  decrease  in  rotor  speed. 

These  results  are  to  be  expected  since  the  aircraft  was 
sized  initially  to  hover  in  ground  effect  with  one  engine 
inc^erative.  This  data  is  for  the  Design  Point  IV  aircraft. 

4.  STOL  PERFORMAWCE  METHODS 

The  STOL  take-off  data  shown  in  the  performance  suimnc/ies 
was  ccm^uted  with  a  program  which  uses  a  two-degree-ot'' 
freedom  point  mass  trajectory  ^malysis  of  the  t^eoff. 
Inclined  disc  momentum  theory  is  used  to  compute  rotor 
performance.  This  theory  has  been  found  to  give  a  conser¬ 
vative  estimate  of  the  thrust  in  the  velocity  remge  of 
interest  for  STOL  takeoff.  As  a  first  approximation,  it 
has  been  assumed  that  there  is  no  interaction  between  the 
wing  and  rotor  slipstream.  This  gives  an  overestimate  of 
the  lift  and  drag  of  the  airframe  which  tends  to  counter 
the  underestimate  in  thrust  given  by  the  mcxaentum  theory. 

The  program  has  three  operational  simulation  modes:  rolling 
STOL  takeoff,  helicopter-type  takeoff,  and  a  helicopter 
accelerate-stop  maneuver.  In  operation,  the  program  first 
coRputes  the  critical  speeds  for  takeoff  based  on  stall 
speed  margins  and  engine-out  climb  requirements.  The 
program  then  proceeds  to  compute  the  ground  and  air  run 
segments.  During  the  ground  run  the  program  considers 
limitations  on  nose  wheel  height  and  fuselage  pitch  angle 
in  determining  the  attitude  of  the  aircraft.  Also,  if  the 
lift-to-weight  (L/W)  ratio  exceeds  1.0  during  the  ground 
run  the  program  depresses  cuigle  of  attack  to  maintain  L/W 
equal  to  1.0.  When  velocity  reaches  a  specified  rotation 
or  lift-off  speed  the  program  enters  the  air  run  segment. 
Five  pilot  technique  options  are  included  to  control  the 
attitude  of  the  aircraft  in  this  segment.  The  simulation 
ends  when  the  aircraft  passes  the  obstacle  height. 
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STATIC  THRUST/WEIGHT  RATIO  ROTOR  SPEED  (RPM)  RATE  OF  SINK  (FP8) 


TIME  (SEC) 


Figure  46.  Vertical  Partial  Power  Descent  With  One 
Engine  Inoperative. 
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The  pcnrer-off  aerodynanic  characterietics  of  tho  aircraft 
ware  confuted  using  the  USAP  DATCXM.  These  are  shown  in 
Figures  47  and  48  for  0  and  30  degree  fli^s. 

In  the  analysisf  lift-off  speeds  were  liwited  by  a  critical 
speed  boundary  <terfined  as  the  largest  of  the  speeds  given 
by  the  following  conditions: 

Mininsim  speed  tor  L/W  »  1.2  (All  Engines  Operating) 

1.2  X  Minimum  speed  for  L/H  >  1  (One-Engine  Inoperative) 

(Minimum  s^ieed  for  L/W  »  1)  -i-  10  Knots  ((bie-Engine 

Inoperative) 

Minimum  speed  for  L/W  «  1.1  (One-Engine  Inoperative) 
Minimum  speed  for 

climb  angle  >  S-degrees  (One-Engine 

Inoperative) 

Takeoff  angle  of  attack  was  limited  to  1.0  ao  angle- 

of-attack  limit  was  asstmed  for  landing. 

Seventy- degree  angle  nacelle  incidence  (o)])  fippears  to  be  a 
minimum  for  rolling  takeoff  maneuvers.  At  5S-degree  nacelle 
incidence,  the  aircraft  develops  insufficient  lift  for 
takeoff  when  the  angle  of  attack  is  limited  by  the  maximum 
lift  angle.  The  reason  for  this  is  that  since  the  rotor 
supplies  the  bulk  of  the  lift  the  inclination  of  the  thrust 
vector  has  a  large  effect  on  the  lift.  The  thrust 
contribution  to  the  total  lift  is  T  sin  ok  or,  in  terms  of 
lift  to  weight  ratio,  T/W  sin  a^.  When  T/W  is  less  than 
1/sin  ai],  the  deficiency  in  lift  must  be  made  up  by  the 
wing.  For  ai]  less  than  80  degrees,  the  thrust  of  the  rotor 
decreases  as  speed  increases.  This  adds  an  additional 
increment  in  lift  to  be  supplied  by  the  wing.  The  result 
is  that  the  speed  must  be  fairly  large  before  L/W  equal  to 
1  can  be  attained.  As  speed  increases  the  combination  of 
thrust  decay  and  increase  in  drag  causes  longitudinal 
acceleration  to  decrease.  In  the  55-degree  nacelle  incidence 
cases  the  acceleration  fell  to  zero  before  the  speed  for 
L/W  equal  to  1  could  be  reached  and  the  cases  were  rejected. 

The  30-degree  flap  setting  was  chosen  as  the  one  giving  the  . 
best  compromise  between  drag  and  maximum  lift.  The  Model 
150  power-off  wind  tunnel  tests  results  indicate  that  the 
30-degree  flap  setting  lies  on  the  knees  of  the  C,  versus 
flap  angle  and  versus  flap  angle  curves. 

The  takeoff  and  landing  curves  have  been  faired  to  use  tilt 
angles  from  90  degrees  at  vertical  takeoff  weight  to  70 
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LIFT  COEFFICIENT 


Figure  47.  Stowed-Tilt-Rotor  Power-Off  Lift  Characteristics. 
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DRAG  COEFFICIENT 
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ANGLE  OF  ATTACK  (DEGREES) 


Figure  48.  Tilt/Stowed  Rotor  Power-Off  Drag  Characteristics. 
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degrees  at  some  hi^er  gross  weight.  The  takeoff  distances 
calculated  are  shown  in  Figures  24,  31,  and  40.  Landing 
distances  did  not  vary  by  more  thw  50  feet  fr<nB  the  t2dceoff 
distance  at  any  given  gross  weight. 

The  performance  of  the  aircraft  in  the  helicopter  mode 
gave  distances  approximately  60  feet  longer  than  rolling 
takeoffs.  It  was  found  that  the  accelerate-stop 
distances  were  consistently  lower  than  the  ’listances  for 
continuing  the  takeoff  after  engine  failure . 

5.  THRUST  MARGINS  USED  IN  ENGINE  SIZING  AND  PERFORMANCE 
CALCULATIONS 

a.  Download  (T/W) 

The  basic  downloads  assumed  in  hover  flight  were  based 
on  tests  of  a  tilt-rotor  full-scale  wing  under  a  CH-47 
helicopter  rotor  on  the  Flight  Dynamics  Laboratory  whirl 
tower  at  Wright-Patterson  Air  Force  Base.  The  actual 
download,  area  of  impingement,  and  disc  loading  were 
used  to  obtain  an  equivalent  download  coefficient. 


Download _ 

^WI*  w/A^est  data 


(1) 


where  S„-  =  total  wing  area  of  impingement 


(Note:  This  includes  the  advantages  of  leading-edge 
slats,  and  trailing-edge  flaps,  as  shown  in  the  subject 
configurations . ) 


then,  T  =  GW  +  Cp  .  W/A 

e 

finally, 

"^/^asic  ”  1  -  Cjj  . 


where  S^j  (total) 

=  C^  (0.707 


(2) 

(3) 


2 

R 


D 

nac 


) 
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A  «  Totcl  disc  area  (sq  ft) 

=  Wing  tip  chord  (ft) 

Dj^  =  Rotor  Diameter  (ft) 

_  =  Rotor  nacelle  diameter  (ft) 

nac 

The  drag  of  the  nontilting  portion  of  the  nacelle  in 
the  rotor  downwash  was  calculated  and  included  in  the 
final  Cq  . 

b.  Trim  and  Maneuverability 

The  analysis  used  assumes  trim  plus  100  percent  control 
about  the  critical  axis  and  50  percent  control  about 
the  other  two.  For  tlie  small  amount  of  cyclic  used 
for  trim  and  pitch  control,  cyclic  rotor  hover  tests 
have  shown  the  thrust  loss  to  be  negligible.  Yaw 
control  lift  loss  is  due  to  the  cosine  effect  of 
differentially  tilting  the  thrust  vectors.  Application 
of  roll  control  causes  the  rotors  to  operate  above  and 
below  the  optimum  Cq;  value,  consequently  reducing  the 
figure  of  merit.  In  summary,  these  effects  for  the 
design  point  aircraft  are: 


Trim 

Pitch  Control 
Yaw  Control 
Roll  Control 

c.  Rate  of  Climb  (500  fpm) 

The  analysis  used  separates  the  rate  of  climb  T/W 
increase  into  two  contributions:  1)  due  to  the  power 
expended  to  achieve  vertical  climb;  and  2)  due  to  wing 
drag  in  vertical  climb.  The  following  is  a  summary  of 
the  combined  thrust  to  weight  values  used  in  the 
performance  studies; 


T/W  (with  download) 
Trim  and  Maneuver 
Rate  of  Climb 
(500  fpm) 


I  and 
III 
1.040 
0.033 
0.052 


Design  Point 


IV 


1.0416 

0.0290 

0.0510 


1.046 

0.0290 

0.0480 


VI 


1.053 

0.0290 

0.0480 


.  THRUST  _ _ 

^  WEIGHT 


0.015 

0.025 
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SECTIOK  VII 


WEIGHT  AND  BALANCE 


This  section  contains  the  proposed  1976  weights  for  the  base¬ 
line  aircraft.  AN-9103-D  weight  statements,  group  weight  and 
balance,  mission  gross  weights,  center  of  gravity  limits,  and 
inertias  are  presented  for  both  the  rescue  and  the  transport 
baseline  aircraft.  Justification  is  contained  in  Section  XII. 

1.  BASELINE  RESCUE  AIRCRAFT  WEIGHT  AND  BALANCE 

Weight  and  balance  information  for  the  Design  Point  base¬ 
line  rescue  aircraft  is  presented  in  Tables  XV  and  XVI. 

The  center  of  gravity  and  balance  calculations  for  the 
various  baseline  rescue  design  gross  weight  conditions  are 
summarized  in  Table  XVII. 

Vertical  flight  center  of  gravity  limits  have  been  deter¬ 
mined  to  be  between  26-  and  40-percent  MAC.  The  rotor  pod 
pivot  point  and  center  line  of  thrust  are  located  at  33- 
percent  MAC. 

The  horizontal  flight  center  of  gravity  limits  have  been 
determined  to  be  between  13-  and  33-percent  MAC. 

Reference  data  for  the  center  of  gravity  calculations  are: 

a.  Horizontal  arms  are  given  as  fuselage  stations. 

b.  Vertical  arras  are  given  as  water lines. 

c.  Fuselage  station  0  is  200  inches  forward  of  the  forward 
cargo  compartment  bulkhead. 

d.  Waterline  0  is  100  inches  below  the  cargo  floor. 

e.  Leading  edge  of  MAC  is  at  fuselage  station  371. 

f.  Length  of  MAC  is  149  inches. 

g.  Rotor  pivot  point  is  at  fuselage  station  420  and 
waterline  190. 

Table  XVIII  summarizes  the  moments  of  inertia  for  the  baseline 
rescue  aircraft. 
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GROUP  WEIGHT  STATEMENT 

ESTIMATED  •  BJOODOKXnDCXIOra^XXX 

(&•••  Ml  iImm  Ml  •p^llcaUtt* 

BASELINE  RESCUE  AIRCRAFT 

CONTRACT  NO. _ _ 

AIRPLANE.  GOVERNMENT  NO. _ 

AIRPLANE.  CONTRACTOR  NO. _ 

MANUFACTURED  EY _ _ 


I 


table:  XV.  BASELINE  RESCXIE  AIRCRAFT  GROUP  WEIOIT  81ATENEHT 
(WEIGHT  EMPTY) 


'  1  wiHC  (;rou>  ■ ' 

* 

■  "STio  '  ■ 

7 

CENTER  section  .  BASIC  STRUCTURE 

j_ 

INTERMEDIATE  PANEL  •  BASIC  STRUCTURE 

4 

OUTER  PANEL  .  BASIC  STRUCTURE  (INCL.  TIPS  LBS.) 

_5_ 

6 

SECONDARY  STRUCTURE  (INCL.  WINCFOLD  MICNAHISM 

LBS.) 

7 

AILERONS  (INCL.  BALANCE  WEICNT 

LBS.) 

• 

FLAPS  •  TRAILINS  EDGE 

* 

■  LEADING  EDGE 

10 

SLATS 

W 

SPOILERS 

13 

SPEED  BRAKES 

13 

14 

15  Tail  csouf 

... 

}7 

FINS  ■  BASIC  STRUCTURE  (INCL.  DORSAL  LBS.) 

- - - 

19 

elevator  (INCL.  BALANCE  WEICNT  LBS.) 

-  ■ 

- 4Bi - 

30 

RUDDERS  (INCL.  BALANCE  WEIGHT 

LBS.) 

31 

JL 

33  OOOY  CROUP 

'3250 

34 

FUSELAGE  OR  HULL  .  BASIC  STRUCTURE 

35 

BOOMS .  BASIC  STRUCTURE 

36 

SECONDARY  STRUCTURE  .  FUSELAGE  OR  HULL 

75Q 

37 

imiiiiiiiH 

■■■■HI 

28 

• SPEEOBRAKES 

39 

.  DOORS.  PANELS  B  MiSC. 

30 

31  ALICHTtMC  CEAR  CROUP  •  LAND  (TYPE: 

) 

2385 

32 

location 

NNCILi.  MMCfl 

STtUCTURI 

CONTROLS 

33 

TltlS.  TMIl.  AM 

34 

■■■■■ 

■■■■Hi 

35 

■mmhm 

■■■■■■ 

■■■■Hi 

34 

■■mbhmi 

■■■■■ 

37 

■■■■H 

38 

■■■■■■ 

39 

HBHHI 

^nbhhh 

hhhhi 

40  ALICHTINC  CEAR  CROUP  •  WATER 

41 

LOCATION 

FLOATS 

STOUTS 

CONTROLS 

■  ■ 

42 

■■■■■ 

HHHH 

43 

■■■■■■ 

44 

WHBHI 

■■■■■I 

■hhhh 

45 

HHHHH 

HHHHH 

■■■■Hi 

44  SURFACE  CONTROLS  GROUP 

5636 

47 

COCKPIT  CONTROLS 

HHEfSCVH 

J8 _ 

AUTOMATIC  PILOT  BAS 

- - 

49 

50 

^  - , - - -  - m:i9M  d*  j 

- 1350 - 

*>Ae^ 

51  ENCINE  SECTION  OR  NACELLE  CROUP 

■■mHil 

52 

liiilKENGTNE 

1250 

S3 

^■■■>0  ROTOR  POD 

1811 

54 

OUTBOARD 

55 

DOORS,  PANELS  A  MISC. 

S4 

57  TOTAL  (TO  BE  BROUCHT  FORWARD) 

19024 

p 
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TABLE  XV.  BASELIHE  RESCUE  AIRCRAFT  GROUP  WEIGHT  STATEMEOT 
(WEIGHT  EMPTY) 


1  htOPULSIQN  citbup 

16319 

2  -  1  aukiuaky 

MAW 

3  ENaiC  nBTALLATKW 

^rr4 

4  AFTERRURNnS  (IF  FURN.  SEPARATELY) 

S  ACCESSORY  GEAR  ROXES  G  DRIVES 

«  SUPEROIARCaS  (roR  YURiO  ^FES)  i 

7  AIR  RRMICTION  SYSTEM 

360 

•  EXHAUST  SYSTEM 

’  .  15  ~ 

9  COOLING  SYSTEM 

W  LUBRICATING  SYSTEM 

26 

11  TANKS 

12  COOLING  INSTALLATION 

n  DUCTS,  PLUMRING,  ETC. 

U  FUEL  SYSTEM 

2719 

IS  TANKS  •  PROTECTED 

U  -  UNPROTECTED 

17  PLUMBING.  ETC. 

11  WATER  INJECTION  SYSTEM 

19  ENGINE  CONTROLS 

42 

20  STARTING  SYSTEM 

148 

21  PROPELLER  INSTALLATION 

4936 

22  FAN  SYSTEM 

2284 

23  DRIVE  SYSTEM 

4485 

24  AUXILIARY  POWER  PLANT  GROUP 

112 

2S  INSTRUMENTS  G  NAVIGATIONAL  EOWPMENT  GROUP 

HIKTSTnHH 

24  HYDRAULIC  G  PNEUMATIC  CROUP 

292 

27 

21 

29  ELECTRICAL  CROUP 

775 

30 

31 

32  ELECTRONICS  GROUP 

1500 

33  EQUIPMENT 

34  INSTALLATION 

3$ 

36  armament  croup  (INCL.  GUNFIRE  PROTECTION  LBS.) 

2000 

37  FURNISHHiCSG  EQUIPMENT  CROUP 

1152 

31  ACCOMMODATIONS  FOR  PERSONNEL 

i 

■ 

( 

39  MISCELLANEOUS  EQUIPMENT 

40  FURNISHINGS 

41  EMERGENCY  EQUIPMENT 

42 

43  AIR  CONDITIONING  G  ANTI-iaNC  EQUIPME:  T  CROUP 

519 

44  AIR  CONDITIONING 

4$  ANTI.ICING 

46 

47  PHOTOGRAPHIC  GROUP 

41  AUXILIARY  GEAR  GROUP 

imiMUiin 

49  HANDLING  GEAR 

40 

SO  ARRESTING  GEAR 

SI  CATAPULTING  GEAR 

S2  ATO  GEAR 

53  RESCUE  WINCH  100 

54 

SV  MANUFACTURING  VARIATION  -  CONTINGENCY 

54  TOTAL  FROM  PG.  2 

57  WEIGHT  EMPTY 

433 

t__4’3336 
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TABLE  XV.  baseline  RESCUE  AIRCRAVT  GROUP  HEIGHT  STRTBHBIIT 
(USEFUL  LOM  AOT  GROSS  HEIGHT) _ 


’  LOAD  CONOITIOH 

3  CPtS(HO.  5  )  ~ 

-  * . 

DESIGN 

CBARS 

MID- 

POINT 

FERRY 

1200  _ 

1200 

720 

4  r ASSENCERS  (NO. 

^ 

3?00 

5  FUEL 

4»». 

t  UNUSABLE 

70 

70 

70 

7  INTERNAL  ! 

1 

J 

21929 

11119 

II49G 

g 

n 

—1 

9  • 

to  EXTERNAL 

j 

_ 

11 

_ ! 

12  BOMB  BAY 

U  OIL 

IS  TRAPPED 

. 

U  ENGINE 

GG 

_ _ 

_ £jS _ 

17 

■  •  •  •  1 

( 

IS  FUEL  TANKS  (LOCATION 

AUX-FUSSLAGE 

» 

,  675 

<«  WATER  INJECTION  FLUID  (  GALS1 

1 

_ 1 _ 

20 

i  j 

7’  dACCAGE 

_  ..  .  ! 

27  CARGO 

1  1 

23  COMBAT  eyUIPMENT 

AOO 

1 

_ lOO _ i _ 

24  ARMANENf 

2S  GUNS 

Fi«.  AC  f  Ua. 

Cl. 

1 

2f 

■■■ 

'.7 

■■■ 

8 

HHI 

HHH 

BBHB 

HHHHI 

It 

r - - 

30  . 

.  . 

1 

31 

.  .. 

_ 1 _ 

32  ammunition 

: _ Zj 

■■■■ 

_ 

r  ...  :  .1 

BB99 

lllllllll 

■■■■■ 

■■■■■■ 

millHH 

mm 

IHHBB 

bhhhhhhhmi 

BB 

1 

38 

BB 

_ ! _ 

39  INSTALLATIONS  (BOMB.  TORPEDO.  ROCKET.  E 

mwm 

40  BOMB  OR  TORPEDO  RACKS 

41 

42 

43 

44 

4S 

46  E(2UIPMENT 

47  PYROTECHNICS 

4«  PHOTOGRAPHIC 

49  ^IJftVtVAL  EQUIPMENT 

200 

SO  OXYGEN 

51 

52  MISCELLANEOUS 

S3 

j4 

HHHH 

wmmm\ 

SS  USEFUL  LOAD 

23.664“^ 

14.280 

Rpm 

56  WEIGHT  EMPTY 

43,336 

43j336 

CnfFTB 

S7  GROSS  WEIGHT 

.  ■  - 

—  ~ 

_ 

67,000 _ 

7a,j522-..':  '1 

not  as  ^ci^^ht  Pcnpty. 


TABLE  XV 


1  LtWCTH  .  C'VEHALL  tFT  ' 


BASELINE  RESCUE  AIRCRAFT  GRCUP  WEIGHT  STATEMENT 
(DIMENSIONAL  AND  STRUCTURAL  DATA) 

■  HEIGHT  ■  OVERALL  STATIC  (FT.tENG.WING  TIP 


3  LENGTH  „»AX.  »FT.» 

4  DEPTH  MaX  .ft.) 
s  •idth  .max  «*^T) 

4  NETTED  AVEA  SO.  FT  ) 

‘7  FLOATORH'HlOISPl.  max  IlE'.  i 
8  ’^USCLAGc  VOLUME  (CU  at.) 

? 

lo' CROSS  are/  (SO.  ft.) 

I)  NF.IGHI  GROSS  AREA  (LBS  SO  FT  l 
12  jPAH  :FT.) 
n  FOLDED  SPAM  (FT.) 


PRESSURIZED 


8.75; 
6.67; 
1300  i 


TOTAL 


1 

i  744 

.  :i  J*7 


-2..5 
.  28.2 


IS  SWEEPBaCR  at  2S-;  chord  L!HE  (DrCREESi 
i«  AT  CHORD  I INE  <DFCREES. 

••17  THEORETICAL  ROOT  CHORD  -  LENGTH  <IHi3«Et, 
18  -MAX,  THICr.NELS 


INCHES) 


••‘19  CHORD  AT  PLAHFORM  BREAK  -  LENGTH  l|NCHES» 

20  -MAX  THICKNESS  .INCHES) 

**•21  THEORETICAL  TIP  CHORD  -  LENGTH  HHCMESi 

22  -  MAX.  THICKNESS  tlNCHES' 

23  DORSAL  AREA,  INCLUDED  IN  (FUSE.)  (KiilL!  (v  TAHi  A.REA  (SO  FT.) 

24  TAILLENGTH  .25'liMACNIMGT0  25TlMACH  TAIL  (FT.) 

25  AREAS  vSO.  Ft)  I  l  t  )  t  e 


30  ALIGHTING  gear 


luOCATiON) 


3)  LENGTH  OLEO  EXTENDED  <.  AXIE  TO  <  THONNIOM  (INCHES)  j 

32  OLEO  TRAVEL -FULL  EXTENDED  TO  FULL  COLLAPSED  (INCHES)  ' 

33  FLOAT  OR  SKI  STRUT  LENGTH  (INCHES'  I 

34  ARRESTING  HOOK  LENGTH  HOOK  TRUNNION  TO  41  HOOK  POINT  (INCHES) 

35  HYDRAULIC  STSTEM  CAPACITY  (GALS  ' 

36  FUEL  8.  LUBE  SYSTEMS  j  '•  -  "  '  ^ 

37  •  inf.-.'ti  w  "5  8  3480 


45  STRUCTURAL  DATA  -  CONDITION 

46  FLIGHT 

47  LANDING 


inWingf  !.Lb».) 

21,929 

10,950 


MAX.  GROSS  WEIGHT  WITH  ZERO  WIHC  FUEL 

CATAPULTING 

HIN.  FLYING  WEIGHT 

LIMIT  AIRPLANE  LANDING  SINKING  SPE.ED  (FT.  SEC  ) 

WING  LIFT  ASSUMED  FOR  LANDING  DESIGN  CONDITION  (~.W) 

STALL  SPEED  •  LANDING  CONFIGURATION  •  PO»'ER  OFF  (KNOTS) 

PRESSURIZED  CABIN  -  ULT.  DESIGN  PRESSURE  DIFFERENTIAL  -  FLIGHT  (P.S.I.' 


67,000 

56,021 

45,071 

45,046 


57  AIRFRAME  WEIGHT  (A5  DEFINED  IN  AN-W.)1)  (LBS.) 


*Lbs.  of  sea  water  ("  M  Ifw./'cu.  ft. 
**|»ar4llel  to  t  ai  t  airplane. 


‘‘•parallel  to  t  airplane. 
““Total  usable  car»city 


TABLE  XVI.  BASELINE  RESCUE  AIRCRAFT  BAIAHCE  CALCUIATIOHS 
(HEIGHT  EMPTY) 


Cruise  (Blades  Folded) 


Tail  Grou 


iTwSnl 


oay  uroup 


urn 


ngine  Section 


ip  fO 


Fixed 


names 


Air  Induction 


IJ.I.lllJ.l 


Lubrication 


736.500 


■gngs; 


468) K  585,000) 


191.250 


^SBi 


HMe)! 


(  163j080 


m\mau 


55.080 


7.320 
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TABLE  XVI.  BASELINE  RESCUE  AIRCRAFT  BALANCE  CALCULATIONS 


ITEM 

Cruise  Mode  (Blades  Folded) 

WEIGHT 

HCR!ZCM*L 


.  ST*TIONS 


VERTICAL 


Fuel  System 


Inbocurd  -  Forward 


94.465 


mnm% 


190  I  142,500 


iHmii 


20.496 


6.42 


22.644 


852.150 


Wing  Gear  Box 


Gear  Box 


Ham  Gear  Box 


Lubrication 


H? 


485)  K365. 5) (1,639.055 


IHSDIi 


-  Tip  Pod 

95 

375 

35.625 

Drive  System 


Auxiliary  Power  Plant 


Instruments  and  Navigation 


ydrauiics 


116.400 


jignj 

■iSbi 


62.000 


291.400 


Armor 


Fuselage 


358.5 


300 


II 


717.200)  <164.6 


360.000 


203.200  I  153 


Furnishings  &  Equipment 


Personal  Accommodations 


Misc. 


Furnishings 


305.7)1  (352.210 

170  52.700 


61.200 


-  Tip  Pod 


TABLE  XVI 


BASELINE  RESCUE  AIRCRAFT  BALANCE  CALCULATIONS 
(OPERATING  WEI<»T  EMPTY) 


TABLE  XVX.  BASELINE  RESCUE  AIRCRAFT  BAXAfiCE  CALCULATIONS 
(lAMDING  GROSS  tfEI(»T) 


TABLE  XVI 


BASELINE  RESCUE  AIRCRAFT  BALANCE  CALCULATKMS 
(FERRY  GROTS  HEIOIT) 


Ferry  (Cruisa  on  rotor)  I  (78.522)  (400. 6)1(31. 454. S75)a70. 6)1  (13.393735 
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BASELINE  TRANSPOiYT  AIRCRAFT  IXEIGBX  AMD  BMAMCaS 


Tables  XIX  through  XX  present  the  weight  and  balance 
infon&atlon  for  the  baseline  transport  version. 

The  center  of  gravity  euid  beU.ance  calculations  for  the 
various  beiseline  transport  design  gross  weight  conditions 
are  summarized  in  Table  XXI. 

Vertical  flight  center  of  gravity  limits  have  b^n  deter¬ 
mined  to  be  between  26-  and  40-percent  MAC.  The  rotor  pod 
pivot  point  and  center  line  of  bhrust  2u:e  located  at 
33-percent  MAC. 

The  horizontal  flight  center  of  gravity  limits  have  been 
determined  to  be  between  13-  2Uid  33-percent  MAC. 

Re fe!  once  data  for  the  center  of  gravity  calculations  cure: 

a.  Horizontal  arms  are  given  as  fuselage  stations. 

b.  Vertical  arms  are  given  as  waterlines. 

c.  Fuselage  station  0  is  200  inches  forward  of  the  forweurd 
cargo  compartment  bulkhead. 

d.  Waterline  0  is  100  inches  below  the  cargo  floor. 

e.  Leadi.ng  edge  of  MAC  is  at  fuselage  station  371. 

f.  Length  of  MAC  is  149  inches. 

g.  Rotor  pivot  point  is  at  fuselage  station  420  and 
waterline  190. 

Figure  49  shows  the  forward  and  aft  Ccurgo  loading  limita¬ 
tions  . 

Table  XXII  summarizes  the  moments  of  inertia  for  the  base¬ 
line  transport  mission. 


GROUP  WEIGHT  STATEMENT 


ESTIMATtO. 

(Gm»  Ml  iWm  Ml  •ppiicaU*) 


BASELINE  TRANSPORT  AIRCRAFT 


CONTRACT  NO. _ 

AIRPLANi,  GOVERNNINT  NO., 
AIRPLANE.  CONTRACTOR  NO. 
MANUFACTURED  IT 


MAIN 

AUXILIARY 

MANUFACTURED  BY 

X 

3 

* 

MODEL 

w 

NO. 

oc 

lit 

MANUFACTURED  BY 

mi 

HI 

DENGN  NO. 

o 

£ 

NO. 
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TABLE  XIX.  BASELINE  TRANSP(»T  AIRC8AFT  GROUP  WEIGHT  STATEWNT 
(WEIGHT  EMPTY) 


1  WINC  CROUP 

.  51*15 

4 

CENTER  SECTION  .  BASIC  STRUCTURE 

3 

INTERMEDIATE  PANEL  .  BASIC  STRUCTURE 

4 

OUTER  PANEL  •  BASIC  STRUCTURE  (INCL. 

TIPS  LBSJ 

S 

SECONDARY  STRUCTURE  (INCL.  WINGFOLO  MECNANtSM 

LBS.) 

1 

AILERONS  (INCL.  BALANCE  WEISHT 

LBS.) 

a 

FLAPS.  TRAH.INC  EDGE 

9 

•  LEADING  EDGE 

10 

SLATS 

II 

SPOILERS 

12 

SPEED  BRAKES 

13 

14 

IS  TAIL  CROUP 

- A32 - 

. i82_ 

iV 

•9 

m 

20 

RUDDERS  (INCL.  BALANCE  WEIGHT 

LBS.) 

21 

22 

23  BODY  CROUP 

mmmm 

24 

FUSELAGE  OR  HULL  .  BASIC  STRUCTURE 

2S 

BOOMS .  BAUC  structure 

aa 

SECONDARY  STRUCTURE  .  FUSELAGE  OR  HULL 

wmmwi 

27 

. BOOMS 

wmimm 

20 

. SPEEOBRAXES 

29 

.  DOORS^  PANELS  4  MISC. 

30 

CARGO  LOADING  SYSTEM 

920 

31  ALICHTiNC  GEAR  CROUP  .  LAND  (TYPE: 

) 

3195 

32 

lOCATtOM 

•HULL  MAMS 

STROCTIMI 

CIMYROLS 

33 

TIMS.  TutIL  Am 

34 

■■■■■■ 

3S 

■■■MM 

36 

37 

38 

■■■■■B 

39 

bhhhhi 

40  ALICHTIMC  GEAR  CROUP  •  WATER 

41 

tOCATIOM 

FUOAT$ 

STRUTS 

CewTROLS 

42 

■■■■■ 

43 

mmbbm 

44 

mmmmh 

45 

_ 

mhhhh 

■■miM 

44  SURFACE  CONTROLS  CROUP 

3636 

47 

COCKPIT  CONTROLS 

HBRiEHli 

JO _ ^ 

AUTOMATIC  PILOT  SAS 

■mmmMRA  ROTO  RsaBBK. 

- L12 - 

SO 

SI  ENGINE  SECTION  OR  NACELLE  CROUP 

mmmfm 

52 

aMMWk  ENGINE 

12  so 

53 

CENTER  ROTOR  pnn  _ 

Iflll 

54 

OUTBOARD 

55 

DOORS,  PANELS  &  MISC. 

56 

57  TOTAL  (TO  BE  BROUGHT  FORWARD) 

wmmm\ 
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TABLE  XIX.  BASELINE  TRAMSP(»T  AIRCRAFT  GROUP  WEIGHT  STATEMENT 
(WEIGHT  QSPTY) 


1 

PROPULSION  GROUP 

16,919 

2 

_ 

AUXlUAtr 

MAIN 

3 

ENGINE  INSTALLATION 

i 

4 

AFTERMRNERS  (IF  PURN.  SEPARATELY) 

I 

S 

ACCESSORY  GEAR  ROXES  &  ORtVES 

1 

4 

SUPERCHARGERS  (FOR  TURK  TYPES) 

1 

7 

AIR  INDUCTION  SYSTEM 

360 

8 

EXHAUST  SYSTEM 

9 

COOLING  SYSTEM 

15 

10 

LURRICATING  SYSTEM 

26 

II 

TANKS 

12 

COOLING  INSTALUTION 

i 

13 

DUCTS.  PLUMMNC,  ETC 

14 

FUEL  SYSTEM 

2489 

IS 

TANKS . PROTECTED 

I« 

. UNPROTECTED 

17 

PLUMRING,  ETC. 

IS 

WATER  INJECTION  SYSTEM 

19 

ENGINE  CONTROLS 

42 

30 

STARTING  SYSTEM 

1  48 

21 

PROPELLER  INSTALLATION 

22 

FAN  SYSTEM 

2284 

23 

DRIVET'SYSTEII - 

448'; 

} 

_ 

24 

AUXILIARY  POWER  PLANT  GROUP 

25 

INSTRUMENTS  A  NAVIGATIONAL  EOWPMENT  (P9UP 

34 

HYDRAULIC  A  PNEUMATIC  CROUP 

27 

28 

29 

ELECTRICAL  CROUP 

775 

30 

31 

32 

ELECTRONICS  GROUP 

950 

33 

EQUIPMENT 

34 

INSTALLATION 

... 

3S 

36 

armament  croup  (INa.  GUNFIRE  PROTECTION 

LiS.) (provisions  ONLY) 

50 

37 

FURNISHINGS  A  EQUIPMENT  CROUP 

1470 

38 

ACCOMMODATIONS  FOR  PERSOWIEL 

39 

MISCELLANEOUS  EQUIPMENT 

40 

FURNISHINGS 

41 

EMERGENCY  EQUIPMENT 

42 

43 

AIR  CONDITIONING  A  ANTI-IONC  EQUIPMENT  CROUP 

519 

44 

AIR  CONDITIONING 

45 

ANTI-ICING 

46 

47 

PHOTOGRAPHIC  GROUP 

48 

AUXILIARY  GEAR  GROUP 

40 

49 

HANDLING  GEAR 

40 

SO 

ARRESTING  GEAR 

SI 

CATAPULTING  GEAR 

S2 

ATO  GEAR 

53 

.>4 

MANUFACTURING  variation  -  COvtiNGENCY 

446 

56 

TOTAl  FROM  PC.  2 

22,564 

s; 

WEIGHT  empty 

.  _  _ 

_ _ _ _ 

44,607 
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TABLE  XIX 


BASELINE  TRANSP(»T  AIRCRAFT  GROtJP  WEIGHT  STATEMENT 
(USEFUL  LOAD  AND  GROSS  WEIGHT) 


'■  LOAD  COMOITION 
i 

DESIGN 

nnnse 

FERRY 

\  CREWlfW.  5  ) 

1200 

720 

4  PA&SENCERS  (NO.  ) 

5  FUEL 

Cwl*. 

.  70  . 

70 

6  UNUSABLE 

11058 

34000 

7  INTERNAL 

8 

_ 

9^.  _ _ 

10  EXTERNAL 

■■miiiiiii 

■BBBI 

bbibh 

■■■■B 

■■hhhi 

^MBBHi 

■bbbi 

1  1 

■■■■■ 

12  BOMB  BAY 

■BM|B 

bmbbh 

■■■■B 

. .  J 

imiHiiiiB 

I^b^Bb 

IB^BBi 

HBBBB 

BHMiiB 

■BBHHi 

15  TRAPPED 

HHHHi 

^■^BBi 

wmmmm 

(■BBBI, 

16  ENGINE 

17 

6S 

^5— 

_ 

1 

■bhhh 

^bbhh 

■bmmb 

IS  FUEL  TANKS  (LOCATION  AtIXTT.TARV  -  PIISRT.  ..  ) 

_ 

li5 

. i  1 

1«  WATER  INJECTION  FLUID  (  (MLS) 

ibhbbi 

BBBBH 

■bbbubbhi 

20 

bbbbi 

mmmmt 

!■■■■ 

21  BAGGAGE 

bmubm 

BMBlHi 

bbbmbi 

22  CARGO 

■nr:T!T:mi 

BBBH 

■bbibb 

■■■BB 

23 

bbmbi 

^bhbb 

BBBBBB 

:4  ARMAMENT 

■UBM 

bmbbb 

iHBBBniHHBHl 

2$  GUNS 

^lau  •#  ^Ua. 

Otr. 

CM. 

bbhbi 

BIBBHBBHHB 

26 

Zin 

1  1 

■HIHIII 

■BUB 

BHBBI 

BHBBWBMBBI 

28 

mm 

29 

mm 

M  : 

i 

_ 

■m 

_ 

BBBBj 

mmmmmmmmm 

32  AMMUNITION 

— 

: 

— 

33 

_ 

_ 

ij 

i 

IIHH 

■IBBHi 

IHIBIBi 

■■■■■■■HI 

35 

36 

. 

37 

38 

39  installations  (BOMB.  TORPEDO.  ROCKET.  ETC.) 

40  BOMB  OR  TORPEDO  RACKS 

■B^IB 

BHBB 

BBBHI 

■■bbb 

■■bmb 

■■■BB 

43 

hhhh 

^^^BBI 

bh^bI 

■■■■■ 

44 

_ 

45 

bbhbh 

bbbhbi 

■■■■ 

■■BBH 

46  EQUIPMENT 

47  PYROTECHNICS 

48  PHOTOGRAPHIC 

1 1 1 1  1 1  — — — ■ 

HHHHHB 

50  OXYGEN 

hbhuhhI 

51 

■■■bb 

IBBiHHi 

bmbmi 

■B^MB 

52  MI5CELLANEOUS 

53 

U 

55  USEFUL  LOAD 

22393 

msmm 

56  WEIGHT  EMPTY 

_  44607 

L.17QQ0„-j 

_416il7  J 

‘■.'7  GROSS  WEIGHT 

8oas.7  . 

*it  not  Specified  as  weight  empty.  132 


TABLE  XIX.  BASELIHE  TRAKSPORT  AIRCRAFT  GROUP  ffEI(»lT  STATEMENT 
(DIMENSIONAL  AND  STRUCTURAL  DATA) 


1  I  ENCTH  OVFitALL  (FT.) 

'  LENGTH  M*y  «ft; 

4  DEPTH  max  'FT.» 

5  WIDTH  -MAX.  (F:.> 

A  WETTED  AREA  fiO  FT  i 
'7  FLOAT  OR  HUI  I  OI&PL  -MAX.  tL6S  ) 

b  'USELAGE  VOLUME  (CU.  FT.) 

5, 

>C  Cfir'WARCA  :sg.  FT.)  _  1 

11  WFIGMT'CROSS  AREA  (LBS.  SO.  FT.r^  ' 

1/  SPaw  ft.) 

IJ  rOlT'EOSPAH  (FT.)  '  2 

i4  J"  _ _ 

SWEEPBACK  ■  AT  7S~  OHMO  LINE  (OEGRE~ES) 

U  AT  ^CHORO  LINE  (DECREES) 

‘1/  TNEORETXAL  ROOT  CHORD -LENGTH  (WOIES)  _ _ 

la  ■  MAX  THICKHESS  (INCHE?)  _ 

'  I)  CHORD  aT  PLANFORM  BREAK  ■  LENGTH  (IMmS)_  _  '  T. 

2f.  -  MAX.  THICKNESS  (INttES)  ’  '  J 

•?'  ThEOPETICAL  TIP  CHORD -LENGTH  (IHCHES) 

-  MAX.  THICKNESS  (INCHES) 

n  JORSAL  AREA.  INCLUDED  IN  (FUSE.)  (HULL)  (V.  TAIL)  AREA  (SQT'FT.) 
24  Tail  LENGTH  -  2S-Vi  MAC  WING  TO  2S';  MAC  H.  TAIL  (FT.) 


HEIGHT -OVERALL 

l“  I 


STATIC  (PT.)p„„ 

Txiwp'^-iag- 


199  1  154 
2 .JIT’  3.2_ 
12.4  ' 


1 


147 


no 


1,  “ 


104 


25  ARFAS  (SO.  Ft) 

FI«m 

L.C 

!  T  r 

24 

L«t«v«7  CaRtralB 

SlaiB 

S»«il»tB 

27 

21 

29 

WlAg 

( 

Fmb*.  m  HwII 

■  — -  »  t 

30  ALIGHTING  GEAR  (LOCATION) 

31  LENGTH  •  DLED  EXTENDED  AXLE  TO  4  TRUNNION  (IHCHES) 

32  OLEO  TRAVEL  •  FULL  EXTENDED  TO  FULL  COLUPSED  (INCHES) 

33  FLOAT  OR  SKI  STRUT  LENGTH  (INCHES!  1 

34  arresting  hook  LENGTH  HOOK  TRUNNION  TO  4  HOOK  POINT  (INCHES) 

35  HYDRAULIC  SYSTEM  capacity  (GALS.) 

3«  FUEL  &  LUBE  SYSTEMS 


J6.7  26.7 


37 

Fm!  •  lni«iNa( 

38 

39 

-  Cwtarnol 

40 

41 

42 

0<! 

43 

44 

Ma.  TaiAt  ?  ••♦•CaU,  F>alacla4 

t  -Y 

No  T«nhB 

,  W«i*f 

..  .8 

3490 

Fan.  „  Hall 

"  - - - 

. 

. 

*Cal..  Uitpr«IMt.4 


45 

46 

47 
41 

49 

50 

51 
57 

53 

54 

55 
Si 
57 


STRUCTURAL  DATA 
FLIGHT 
I  ANDING 


CONDITION 


Fw.1  '.Winf.  (L5*.) 

J.1058  ■ 
3'525 


MAX  GROSS  WEIGHT  WITH  ZERO  W|NG  FUEL 

CATAPULTING 

MIN.  FLYING  WEIGHT 

LIMIT  AIRPLANE  LANDING  SINKING  SPEED  (FT./SEC.) 

WING  LIFT  ASSUMED  FOR  LANDING  DESIGN  CONDITION  (%W) 

STALL  SPEED -LANDING  CONFIGURATION -POWER  OFF  (KNOTS) 

PRESSURIZED  CABIN  -  ULT.  DESIGN  PRESSURE  DIFFERENTIAL  -  FUGHT  (P-VI  ) , 

AIRFRAME  WEIGHT  (AS  DEFINED  IN  AN-W-ll)  (LBS.)  . . 


StVDBB  Cr«BB  ’ 

"  '67000 
68467 

629'42  ; 

45774 


1  Uli.  L.F, 

.  4.3 


■J 


*l.b».  o(  4ca  «aier  (.1  Ihs./cu.  Ii. 
“I'atallrl  lo  ‘t:  41  t  airplane. 
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“^Harallel  to  4  airplane. 
****Toial  usable  caratiiy 


TABLE  XX 


BASELINE  TRANSPOftT  AIRCRAFT  BAIANCE  CALCULATIONS 
(WEIGHT  EMPTY) 
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TIW 
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135 

_  Carqo  loadinq  System 

920 
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HHRSfifiTIVI 
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(3195) 
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(287.550) 
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90 

Main 
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90 
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130 
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153 
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190 

33,250  ' 
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190 
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190 

1661440 
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(1,084,072) 
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Air  Induction 
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Coolinq 
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3ASEL1NE  TRANSPORT  AXIK;RAFT  BAIAHCE  CALCUALTIOMS 


TABLE  XX.  BASELIUE  TRANSPORT  AxSCMFT  BALANCE  CALCUIATZONS 
(CRUISE  ON  ROTCHt  AND  HOVER) 


TABLE  XX 


BASELINE  TKAMSP(»T  AIRCRAFT  BALANCE  CALCULATIOIS 
(OPERATING  WEIGHT  EMPTY) 


TABLE  XX 


BASELZHE  TRAIOSPORT  AIRCRAFT  BALANCE  CALCULATIONS 
(PESIGN  GROSS  WEIGHT) 
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BASELINE  TRANSPCmT  AIRCRAFT  BAIANCE  CALCOIATIONS 
(LANDING  GROSS  WEIGZH') 


TABLE  XX 


BASELIHE  TRAKffiPORT  AIRCRAFT  BALANCE  CALCUIATIONS 
(FERRY  GROSS  WEIGHT) 


TABLE  XX.  BASELINE  TRANSPORT  AIRCRAFT  BAIANCE  CALCUALTIC^ 
(MAXIMUM  GROSS  WEIGHT) 
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SECTION  VIII 


PROPULSION 


ROTOR  CHARACTERISTICS 


The  purpose  of  this  section  is  to  determine  the  sensitivity 
of  rotor  performance  to  major  rotor  parameters  and  to  define 
a  suitable  rotor  blade  configuration  for  the  stowed-tilt- 
rotor  aircraft  which  will  yield  optimum  hover  performance 
at  the  following  operating  conditions: 


a.  Altitude  6000  feet 

b.  Ambient  Temperature  95®F 

c.  Disc  Loading  15.0  psf 

d.  Tip  Speed  870  fps 

e.  Hover  Thrust  to  Weight  Ratio  1.12 


In  addition,  the  following  geometric  constraints  were 
established: 

a.  Four  blades  (principally  minimize  rctor  nacelle 
diameter  but  also  desirable  to  minimize  noise) . 

b.  Constant  blade  chord  (minimize  rotor  nacelle  diameter). 

c.  Ratio  of  hub  diarrteter  to  rotor  diameter:  1:12  (.08?). 

These  geometric  conditions  have  been  fulfilled  in  the 
design  presented  (Reference  Volvane  II,  Section  V),  and 
summarized  in  Table  XXIII. 

A  performance  evaluation  of  the  rotor  was  undertaken  and 
the  significant  performance  characteristics  of  the  blade, 
based  on  this  evaluation,  are  presented  in  the  attached 
data  plots.  The  method  used  to  obtain  the  rotor  perform¬ 
ance  data  which  was  utilized  in  the  optimization  of  the 
aircraft  for  the  mission  requirements  is  presented 
below. 

The  Boeing  propeller/rotor  performance  analysis  consists 
of  a  strip  analysis  procedure  coupled  with  nonuniform 
in-flow  calculations.  Each  blade  is  treated  as  a  rotating 
lifting  line,  trailing  a  vortex  wake  which  is  mathematically 
approximated  by  a  finite  number  of  concentrated  vortex 
filaments.  An  iterative  computation  is  followed  to  make 
the  induced  flow  at  the  disc  (determined  by  the  trailing 
vortices)  mutually  consistent  with  the  spanwise  aerodynamic 
loading  distribution.  The  wake  shape  for  the  hovering 
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TABLE  XXIII.  SUMMARY  OF  ROTOR  CHARACTERISTICS 


prc^/rotor  is  determined  empirically  as  shown  in  Figure 
50.  The  prefer  definition  of  the  contraction  character* 
istics  is  necessary  to  properly  orient  the  trailed  vc^-tices 
in  space  in  such  a  way  that  correct  induced  velociti  m  are 
coiiq;>uted  at  the  prop/rotor.  (The  program  is  documented  in 
Boeing  Report  R-372A,  ANALYSIS  OF  PROPELLER  AND  ROTOR 
PERFORMANCE  IN  STATIC  AND  AXIAL  FLIGHT  BY  AN  EXPLICIT 
VORTEX  INFLUENCE  TECHNIQUE  (EVIT)). 

The  method  and  analysis  for  calculating  the  performance  of 
rotors  was  checked  against  the  available  test  data  as 
shown  on  Figures  51  and  52.  Note  that  at  the  hover  con* 
dition  the  calculated  performance  accurately  pre^’icts  the 
test  performance.  This  would  be  expected  since  the  wake 
shape  parameter  had  been  adjusted  to  provide  agreement 
with  test  data.  The  blades  to  be  used  on  this  aircraft 
will  cover  the  same  parameters  as  this  test  data;  therefore, 
it  is  anticipated  that  the  quoted  performance  will  agree 
with  the  actual  performance,  with  good  accuracy. 

At  the  cruise  condition,  the  agreement  with  test  data  is 
shown  for  two  cases:  1)  the  agreement  with  the  test  data 
conducted  in  the  Ames  40  X  80*feet  wind  tunnel  on  the 
XC*142  propeller,  and  2)  the  agreement  with  tests  run  on 
ONERA.  In  both  cases,  the  calculated  performance  agrees 
well  with  the  test  data;  therefore,  the  achievement  of 
the  in-flight  efficiency  quoted  in  this  document  can  be 
expected. 

Advanced  Boeing-Vertol  airfoil  sections  were  selected  to 
provide  the  moderate  camber  required  for  hover  performance. 
These  airfoil  sections  have  been  extensively  wind-tunnel 
tested  for  a  range  of  Mach  nuinbers  and  lift  coefficients. 

Figure  53  shows  the  effect  of  blade  twist  and  solidity  on 
the  Figure  of  Merit.  The  total  blade  twist  of  the  selected 
configuration  is  near  the  optimum  indicated  by  the  shaded 
area  of  the  upper  figure.  The  blade  twist  over  the  effec¬ 
tive  protion  of  the  blade  (i.e.,  0.2  radius  to  tip)  is 
23.5  degrees.  The  lower  figure  shows  design  point  solidity 
very  close  to  that  which  gives  maximum  efficiency.  The 
solidity  appears  slightly  below  the  0.108  at  maximum 
efficiency  (i.e.,  o  =  0.10)  because  it  was  necessary  to 
achieve  a  CT/a  not  exceeding  0.12  as  required  in  the  basic 
criteria. 

Hover  performance  for  the  15  psf  baseline  aircraft  rotor 
is  described  in  Figure  54  and  blade  angles  are  given  in 
Figure  55  as  functions  of  tip  Mach  number  and  thrust 
coefficient. 
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llie  cruise  perforaianoe  (Figures  56  and  57)  for  the  sane 
rotor  covers  the  range  of  advance  ratios  and  thrust  coeffi- 
ciencies  expected  for  the  low  speed  prop/rotor  cruise  and 
cliod)  flight  nodes.  Figure  58  shows  the  selected  blade 
characteristics . 

Toward  the  end  of  the  stu^,  the  thickness  to  chord  ratio 
was  increased  at  the  aerodynanic  blade  root  fron  16  to  20 
percent  because  of  increased  loads  imd  other  desxgn  con¬ 
siderations.  The  t/c  then  decreased  towards  the  tip  to 
10.6  percent  at  approxinately  0.3  radius  and  continues  as 
shown  in  Figure  58  to  6.0  percent  at  the  tip.  This  change 
will  have  a  negligible  effect  on  the  rotor  perfomance. 
Further  blade  definition#  load  criteria#  and  reconnenda- 
tions  are  presented  in  Volume  II#  Section  V#  of  this 
report. 
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WAKE  SHAPE  PARAMETER 


0.005  O.OiO  0.015  0.020  0.025 


THRUST  COEFFICIENT,  C„ 

ROTOR 


Figure  50.  Rotor  Wake  Shape  Parameter 
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Fi'gure  51.  Correlation  of  Test  Data  With  Rotor  Hover  Performance 
Predicted  by  Explicit  Vortex  Influence  Technique. 


0 


CRUISE  EFFICIENCY,  CRUISE  EFFICIENCY,  n 


Figure  52.  Correlation  of  Test  Data  With  Low  Speed  Rotor 
Cruise  Performance  Predicted  by  Explicit 
Vortex  Influence  Technique  -  Cruise  Efficiency 
Versus  Total  Blade  Twist. 
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A.  EFFECT  OF  TWIST 


B.  EFFECT  OF  SOLIDITY 


Figure  53.  Effect  of  Twist  and  Solidity  on 
Hover  Performance. 
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2. 


ENGINE  CHARACTERISTICS 


a.  General  Engine  Characteristics 

Planned  military  aircraft  development  programo  (Air 
Force  LIT  and  ARRS,  Army  HLH)  have  spurred  engine 
manufacturers  to  propose  advanced  turboshaft  engine 
candidates  for  these  aircraft.  These  are  growth  ver> 
sions  of  existing  engines,  shaft  power  derivatives  of 
turbofans  funded  through  development,  derivatives  of 
component  test  hardware,  or  new  engines.  Proposed 
schedules  are  such  that  their  qualification  tests 
would  come  in  about  the  1973  time  period.  This  time 
frame  is  generally  consistent  with  the  schedule  for 
development  of  the  stowed- tilt-rotor  aircraft.  Per¬ 
formance  and  weight  characteristics  of  one  of  the 
General  Electric  derivative  engines  were  selected  to 
the  power  requirements  scale  of  the  study  aircraft. 
Turboshaft  engine  design  parameters  are  as  follows: 


Compressor  Pressure  Ratio 
Maximum  Turbine  Inlet  Temperature 
Specific  Horsepower,  SHP/Wa 
Specific  Fuel  Consultation,  SFC 
Shaft  Horsepower /Engine  Weight 


15.5 
2195*P 

173.5  hp/lb/sec 
0.44  Ib/hr/hp 
7.2  hp/lb 


The  performance  data  supplied  by  General  Electric  were 
used  to  develop  design-point  con^jonent  pressure  ratio, 
temperature,  and  efficiency  characteristics  and  turbine 
cooling-air  requirements.  Additional  General  Electric 
data  were  used  to  generate  the  con^ressor  performance 
characteristics  in  terms  of  pressure  ratio,  referred 
inlet  flow,  referred  compressor  speed,  and  efficiency 
along  the  engine  generating  line. 

The  cruise  exhaust  nozzle  area  of  the  engine  was  sized 
to  optimize  (for  cruise  flight)  the  civision  of  the 
energy  available  from  the  gas  generator,  between  the 
shaft  power  to  the  fan  and  the  engine  exhaust  kinetic 
energy.  The  proper  exhaust  nozzle  produces  a  maximum 
comliined  fan-plus-engine  thrust,  and,  consequently,  a 
minimum  cruise  thrust  specific  fuel  consumption  (TSFC) . 
The  carpet  plot  in  Figure  59  illustrates,  for  a 
typical  altitude  cruise  condition,  this  minimum  TSFC 
for  each  bypass  ratios  intersected  by  dashed  lines  of 
constant  fan  pressure  ratio.  The  large  static  exhaust, 
area  of  the  variable  engine  exhaust  nozzle  was  selected 
to  maximize  the  shaft  power  supplied  to  the  rotors. 
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20,000  FEET  ALTITUDE 
430  KNOTS  CRUISE  SPEED 

ENGINE  SPECIFIC  HORSEPOWER  »  177  HP/LB/SEC 


(REFERENCE  3) 


Figure  59.  Fan  Bypass  Ratio  Versus  Pressure 
Ratio  Optimization. 
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The  design-point  aerodynamic  match  of  the  sxq>er charging 
fan  to  the  shaft  engine  was  planned  to  be  at  compressor 
design  speed  to  prevent  stress  problems  due  to  high 
gas  generator  speeds.  Because  of  the  temperature  in¬ 
crease  through  the  fan,  there  was  a  conpressor  referred 
speed  lower  than  that  of  the  shaft  engine  and,  conse¬ 
quently,  a  lower  pressure  ratio  developed  by  rhe  cchoa- 
pressor.  The  turbine  inlet  tenperature  at  the  design 
point  was  selected  as  2220"F  to  produce  the  correct 
referred  flow  conditions  at  the  inlet  of  both  the  gas 
generator  turbine  and  the  power  turbine.  This  engine 
match  was  chosen  to  reproduce  the  same  conpressor 
operating  line  for  the  shaft  cmgine  and  the  engine 
driving  a  supercharging  fan  stage. 

Design-point  performance  of  the  fan  and  engines  was 
calculated  with  a  fan  adiabatic  efficiency  of  0.87  and 
an  efficiency  of  0.97  for  both  fan  and  gas  generator 
exhaust  nozzles.  Trends  of  the  thrxist  performance  of 
the  system  as  a  function  of  altitude,  ambient  tenpera- 
ture,  and  flight  speed  were  developed  by  interpolation 
of  the  data  for  a  p;trametric  family  of  fan  engines 
with  turbine  inlet  tenperatures  of  2600 ®F,  overall 
engine  pressure  ratios  between  15  and  30,  and  bypass 
ratios  from  2  to  16  (Reference  4) .  Table  XXIV  is  a 
summary  of  engine  and  fan  performance  parameters. 

The  installation  losses  for  the  powerplant  system  were 
assumed  to  be  95  percent  ram  recovery  and  2  percent 
inlet  pressure  loss. 


TABLE  XXIV.  ENGINE  AND  FAN  PERFORMANCE  DATA 


Performance 

Fan  Design  Bypass 

Ratio 

Parameter 

4.0  6.0  8.0 

10.0 

Fan  Design  Pressure  Ratio 

1.75 

1.51 

1.37 

1.31 

Engine  Overall  Pressure  Ratio 

21.5 

20.4 

19.4 

19.0 

Fan  and  Engine  Thrust  per 

1.35 

1.47 

1.565 

1.667 

Engine  SHP  (Ib/hp) 

(SL  Std,  Max  Pwr) 

Engine  Specific  Fuel  Con¬ 
sumption  (SFC)  (Ib/hr/hp) 

SL  Std  Max  Pwr 

0.443 

0.443 

0  .443 

0.443 

6000  ft,  95°F  Mil  Pwr 

0.450 

0.450 

0  .450 

0.450 

Thrust  Specific  Fuel  Con¬ 
sumption  (TSFC)  (Ib/hr/hp) 

20,000  ft,  AFHD,  Mach  0.635, 
NRP 

0.722 

0.70 

0.698 

0.77 
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The  conpressor  pressure  ratio  is  typical  of  those 
for  the  advanced  turboshaft  engine  candidates,  which 
cover  a  range  from  13.5  to  20.1.  Turbine  inlet  ten5)er- 
ature  also  is  typical  of  these  advanced  engines  and 
matches  the  generally  projected  30*F  rise  per  year 
from  the  baseline  of  contenporary  production  engine 
turbine  ten^eratures . 

Emergency  ratings  were  assumed  to  be  a  reasonable 
110  percent  maximum  power. 

b.  Engine  Installation 

There  are  many  possible  propulsion  system  configurations 
in  terms  of  engine  and  fan  placement.  The  s^ocem 
pictured  in  Figure  60  was  the  one  selected  by  Boeing 
as  the  best  for  the  folding  tilt  rotor  aircraft;  it 
has  many  advantages.  The  propulsion  package  is  gen¬ 
erally  similar  in  installation  to  a  fully-integrated 
convertible  engine  and  could  readily  be  replaced  by 
such  an  engine  in  a  systems  prototype  program  leading 
to  production  aircraft. 

Auxiliary  inlet  doors  in  the  outer  cowl  provide  air  to 
the  engines  when  the  fan  is  decoupled  and  to  guide 
VcUies  which  are  fully  modulated  in  hover  and  low  speed 
flight.  Provision  for  particle  separation  in  the 
engine  airflow  during  hover  c^*.a  be  made  by  installing 
banks  of  Donaldson  tubes  in  the  auxiliairy  inlets  and 
adding  a  particle-extraction  reverse  flow  of  exhaust 
gases  through  the  fan  duct.  Anti-icing  the  Donaldson 
tube  separator  presents  a  problem  for  which  solutions 
must  be  determined. 

In  the  conventional  crvise  flight  mode,  engine  air  is 
supplied  through  the  fan  inlet,  providing  the  engine 
with  the  fan  supercharging  noted  above.  This  mode  is 
advantageous  for  high  speed  aircraft  configurations  in 
which  cruise  is  the  critical  engine  sizing  criterion; 
also,  the  increased  overall  engine  pressure  ratio  with 
supercharging  produces  an  improvement  in  cruise  thrust 
specific  fuel  consumption  (TSFC) .  Figure  61  is 
included  here  to  show  the  location  of  the  engine  in 
relation  to  the  fan  and  rotor  transmission  drives. 

c.  Selected  Engine  Characteristics 

The  above  engine  data  was  utilized  to  predict  the  per¬ 
formance  and  size  (gross  weight)  of  the  design  point 
configuration  within  the  specified  mission  profiles. 
Based  on  these  studies,  the  bypass  ratio  6.0  engine 
was  selected  as  the  most  effective  combined  thrust  and 
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shaft  power  producer  when  integrated  to  the  configura¬ 
tion  and  mission  requirements.  The  basic  engine  per¬ 
formance  data  consists  of  plots  showing  the  value  of 
four  variables:  thrust  (power),  fuel  flow  (SFC) ,  gas 
generator  shaft  rpm,  and  power  turbine  shaft  rpm. 

These  plots  are  presented  in  Figures  62,  63,  64, 
and  65  respectively.  These  plots  show  the  signifi¬ 
cant  characteristics  as  a  function  of  Mach  nu^er  and 
turbine  inlet  ten^erature .  All  data  are  in  referred 
normalized  format  as  shown  in  Table  XXV  below. 


TABLE  XXV.  ENGINE  DATA  SYMBOLS 


Variable 

Synbol 

Referred 
Normalized  Form 

Thrust 

^■n 

V*^S 

Power 

SHP 

SHP/6 /eSHP* 

Gas  Generator  RPM 

**I 

Nj/i/eN* 

Power  Turbine  RPM 

**II 

Nji/.eN*! 

Fuel  Flow 

W^/6/eF* 

• 

W-/6/e  SHP* 

Power 

Turbine  Inlet 

^5 

•Tg/e 

Temperature 

NOTES : 

*  =  Maximum  power  setting.  Static,  Sea 

level, 

standard  day 

0  =  Ambient  temperature  (®R) 

divided  by 

518.69 

OR 

6  =  Ambient  Pressure  (psia) 

Divided  by 

14.696 

psia 

d.  Zero-Flow  Controllable  Fan 


The  preliminary  design  analysis  and  weights  shown  in 
this  report  include  fan  clutches.  There  are  now  consid¬ 
ered  unnecessary.  Discussions  with  engine  manufacturers 
lead  to  the  conclusion  that  the  power  eibsorbed  by  the 
fan,  when  it  runs  in  virtually  a  still-eir  environment 
in  hover  with  the  auxiliary  inlet  inner  doors  closing 
off  the  fan  duct  aft  of  the  fan,  will  be  a  very  small 
percentage  of  the  total  power  available.  This  change 
is  not  expected  to  significantly  alter  the  engine  per¬ 
formance  characteristics  as  presented  in  this  report. 
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Control  of  fan  thrust  from  hover  to  the  point  where 
thrust  is  transferred  to  the  fans  will  be  acc<xi^lished 
by  the  following  system.  Dynamic  pressure,  ahead  of 
£md  behind  the  fan,  will  be  sensed  emd  con^ared;  f2m 
blade  angle  or  inlet  guide  vane  position  will  be  auto¬ 
matically  controlled  to  give  zero  pressure  rise  across 
the  fan,  and  therefore,  zero  net  thrust.  When  thrust 
transfer  is  commanded,  the  fan  control  will  be  auto¬ 
matically  switched  to  a  conventional  coni?tant-speed 
system,  and  fan  thrust  will  be  a  function  of  the  pilot's 
thrust  lever  position. 
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REFERRED  NORMALIZED  THRUST, 
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Figure  62.  Turbofan  Thrust  Performance  at  Bypass 
Ratio  6. 
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Figure  63 .  Turbofan  Referred  Normalized  Fuel  Flow  at 
Bypass  Ratio  6 . 


REFERRED  GAS  GENERATOR  SPEED 
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Figure  64,  Engine  Gas  Generator  Speed  Characteristics. 
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REFERRED  FAN  TURBINE  SPEED 


TURBOSUAFT  ENGINE  WITH 
SUPERCHARGING  FRONT  FAN 
FAN  TURBINE  SPEED 
FAN  BYPASS  RATIO  =6.0 


800  1200  1600  2000  2400  2800 

REFERRED  POWER  TURBINE  TEMPERATURE  /  T^  -  ®r\ 

\  ©am  / 


Figure  65.  Engine  Power  Turbine  Speed  Characteristics. 
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3.  DRIVE  SYSTEM 


The  rotor  drive  systeae  is  shovn  scheaatically  in  Figure 
S6.  The  drive  system  design  a^proadi  is  to  utilise  drive 
system  techniques  appropriate  to  the  1976  IOC  date  in  order 
to  minimise  weight  and  cost,  ^erefore,  all  shafts  along 
the  wing  {cross-shaft  S2)  are  designed  to  be  si9>ercritical 
and  to  run  at  10,000  rpm.  The  nacelle  bevel  gear  trans¬ 
missions  provide  the  proper  sense  of  rotati<»i  to  the  rotors 
without  reversing  gears,  thus  affording  additional  savings 
in  cost,  weight  and  power  loss.  The  rotor  transmission 
provides  approximately  a  30:1  reduction.  This  requiresMint 
is  best  provided  by  the  use  of  a  single  herrin^Msne  offset 
first  stage  and  two  planetary  stages.  The  offset  arrange¬ 
ment  allows  the  central  hydraulic  control  elements  of  the 
rotor  control  system  to  fit  within  the  hollow  central 
region  of  the  tr2msmission. 

The  choice  of  six  and  eight  planets,  respectively,  in  the 
planetary  stages,  eind  the  highest  possible  numerical  reduc¬ 
tion  per  stage  wifch  this  number  of  planets,  produces  the 
minimum  weight  tradeoff.  This  philosophy  allows  the 
herringbone  reduction  to  carry  the  lowest  possible  numeri¬ 
cal  reduction  and  thereby  provides  the  lightest  weight 
design. 

The  drive  system  is  described  in  more  detail  in  the 
COMPONENT  DESIGN  STUDIES  in  Volume  II.  Sumnaries  of  the 
drive  system  data  for  the  three  basic  design  point  aircraft 
and  the  two  multimissicn  designs  are  given  in  Figures  67 
through  71. 


Figure  66.  Stowed  Tilt  Rotor  Drive  System 


Fiqure  67.  Design  Point  I  Drive  Schematic. 

DESIGN  POIKT  I  ORI</E  SXSTEH  DATA 

Torque  (ft-lb)  RPM 


Item 

Qty 

Power 

In 

Out 

In 

Out 

Ratio 

Engine  Shaft  Nji 

4 

4,363 

1,283 

17,850 

Overrunning  Clutch 

4 

4,363 

1,283 

1,283 

17,850 

17,850 

Engine  Reduction 

2 

4,363 

1,283 

4,582 

17,850 

10,000 

1.785:1 

Fan  Jaw  Clutch 

Fan  Planetary 

2 

8,726 

4,582 

4,582 

10,000 

10,000 

Reduction 

2 

8,726 

4,582 

6,740 

10,000 

6,800 

1.471:1 

Fan  Shaft  S5 

2 

8,726 

6,740 

6,740 

6,800 

6,800 

Rotor  Jaw  Clutch 

2 

*6,215 

4,190 

4,190 

10,000 

10,000 

1.0:1 

Rotor  Bevel  Set 

2 

*6,215 

4,190 

4,190 

10,000 

10,000 

Vertical  Shaft  Sj 
Cross  Shaft 

2 

*6,215 

4,190 

4,190 

10,000 

10,000 

Bevel  Bi 

2 

*6,215 

4,190 

4,190 

10,000 

10,000 

1.0:1 

Cross  Shaft  S2 

Rotor  Nacelle 

1 

*6,215 

4,190 

4,190 

10,000 

10,000 

Bevel  B2 
Longitudinal 

2 

*6,215 

4,190 

4,190 

10,000 

10,000 

1.0:1 

Shaft  S3 

Herring  Bone 

2 

*6,215 

4,190 

4,190 

10,000 

10,000 

Reduction  H 

1st  Stage 

2 

*6,215 

4,190 

10,540 

10,000 

3,977 

2.5145 

Plametary  P^ 

2nd  Stage 

2 

*6,215 

10,540 

40,243 

3,977 

1,041 

3.8181 

Planetary  P2 

2 

*6,215 

40,243 

124,389 

1,041 

336.7 

3.0909 

Rotor  Shaft  S4 

2 

*6,215 

124,389 

124,389 

336.7 

336.7 

•Limited  by  rotor  at 

100% 

rpm. 

Figure  68.  Design  Poirt  II  Drive  Schematic. 

DESIGN  POINT  II  DRIVE  SYSTEM  DATA 


Item 

Oty 

Power 

Torque 

In 

(ft- lb) 

Out 

RPM 

In  out 

Ratio 

Engine  Shaft  Nji 

4 

5,600 

1,870 

15,720 

Overrunning  Clutch 

4 

5,600 

1,870 

1,870 

15,72j 

15,720 

Engine  Reduction 

2 

5,600 

1,870 

5,879 

15,720 

10,000 

1.572:1 

Fan  Jaw  Clutch 

Fan  Planetary 

2 

11,200 

5,880 

5,880 

10,000 

10,000 

Reduction 

2 

11,200 

5,880 

7,920 

10,000 

6,050 

1.653:1 

Fan  Shaft  S5 

2 

11,200 

7,920 

7,920 

6,050 

6,050 

Rotor  Jaw  Clutch 

2 

*7,585 

5,034 

5,034 

10,000 

10,000 

Rotor  Bevel  Set 

2 

*7,585 

5,034 

5,034 

10,000 

10,000 

1.0:1 

Vertical  Shaft  S]^ 
Cross  Shaft 

2 

*7,585 

5,034 

5,034 

10,000 

10,000 

Bevel  Bi 

2 

*7,585 

5,034 

5,034 

10,000 

10,000 

1.0:1 

Cross  Shaft  S2 

Rotor  Nacelle 

1 

*7,585 

5,034 

5,034 

10,000 

10,000 

Bevel  B2 
Longitudinal 

2 

*7,585 

5,034 

5,034 

10,000 

10,000 

1.0:1 

Shaft  S3 
Herringbone 

2 

*7,585 

5,034 

5,034 

10,000 

10,000 

Reduction  H 

1st  Stage 

2 

*■’,585 

5,034 

14,710 

10,000 

3,423 

2.9217 

Planetary  P^ 

2nd  Stage 

2 

*7,585 

14,720 

56,165 

3,423 

879 

3.81818 

Planetary  P2 

2 

*7,585 

56,165 

173,600 

879 

290 

3.0909 

Rotor  Shaft  S4 

2 

*7,565 

173,600 

173,600 

290 

290 

♦Limited  by  rotor  at 

100% 

rpm. 
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Figure  69.  Design  Point  111  Drive  Schematic. 

DESIGN  POINT  III  DRIVE  SYSTEM  DATA 


Torque 

(ft-lb) 

RPM 

Item 

Qty 

Power 

In 

Out 

In  Out 

Ratio 

Engine  Shaft  Njj  4 

Overrunning  Clutch  4 

Engine  Reduction  2 

Fan  Jaw  Clutch  2 

Fan  Planetary 

Reduction  2 

Fan  Shaft  S5  2 

Rotor  Jaw  Clutch  2 

Rotor  Bevel  Set  2 

Vertical  Shaft  S]^  2 

Cress  Shaft 

Bevel  2 

Cross  Shaft  S2  1 

Rotor  Nacelle 

Bevel  B2  2 

Longitudinal 

Shaft  S3  2 

Herringbone 

Reduction  H  2 

1st  Stage 

Planetary  Pj^  2 

2nd  Stage 

Planetary  P2  2 

Rotor  Shaft  S4  2 


5,600 

5,600 

5,600 

11,200 

1,870 

1,870 

5,880 

1,870 

1,870 

5.879 

5.880 

11,200 

11,200 

*8,045 

*8,045 

*8,045 

5,880 

7,320 

4,387 

4,987 

4,987 

7,920 

7,920 

4,987 

4,987 

4,987 

*8,045 

*8,045 

4,987 

4,987 

4,987 

4,987 

*8,045 

4,987 

4,987 

*8,045 

4,987 

4,987 

*8,045 

4,987 

14,570 

*8,045 

14,570 

55,663 

*8,045 

*8,045 

55,663 

172,048 

172,046 

172,048 

15,720 

15,720 

10,000 

15,720 

15,720 

10,000 

10,000 

1.572:1 

10,000 

6,050 

10,000 

10,000 

10,000 

6,050 

6,050 

10,000 

10,000 

10,000 

1.653:1 

1.0:1 

10,000 

10,000 

10,000 

10,000 

1.0:1 

10,000 

10,000 

1.0:1 

10,000 

10,000 

10,000 

3,423 

2.9217 

3,423 

879 

3.81818 

879 

290 

290 

290 

3.0909 

♦Limited  by  rotor  at  100%  rpm 
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Figure  70.  Design  Point  IV  Drive  Schematic. 


DESIGN  POINT  IV  DRIVE  SYSTEM  DATA 


Tore 

(ft-lb) 

RPM 

Item 

Power 

In 

Out 

In 

out 

Ratio 

Engine  Shaft  Njj 

4 

4,941 

1,554 

16,700 

Overrunning  Clutch 

4 

4,941 

1,554 

1,554 

16,700 

16,700 

Engine  Reduction 

2 

4,941 

1,554 

5,190 

16,700 

10,000 

1.67:1 

Fan  Jaw  Clutch 

Fan  Planetary 

2 

9,882 

5,190 

5,190 

10,000 

10,000 

Reduction 

2 

9,882 

5,190 

8,034 

10, COO 

6,460 

1.548:1 

Fan  Shaft  Se 

2 

9,882 

8,034 

8,034 

6,460 

6,460 

Rotor  Jaw  clutch 

2 

*7,800 

4,904 

4,904 

10,000 

10,000 

Rotor  Bevel  Set 

2 

*7,800 

4,904 

4,904 

10,000 

10,000 

1.0:1 

Vertical  shaft  S. 
Cross-Shaft 

2 

*7,800 

4,904 

4,904 

10,000 

10,000 

Bevel  Bi 

2 

*7,800 

4,904 

4,904 

10,000 

10,000 

1.0:1 

Cross-Shaft  S2 

Rotor  Nacelle 

1 

*7,800 

4,904 

4,904 

10,000 

10,000 

Bevel  B2 
Longitudinal 

2 

*7,800 

4,904 

4,9C4 

10,000 

10,000 

1.0:1 

Shaft  S3 
Herringbone 

2 

*7,800 

4,904 

4,904 

10,000 

10,000 

Reduction  H 

1st  Stage 

2 

*7,800 

4,904 

14,530 

10,000 

3,375 

2.9626 

Planetary  Pj^ 

2nd  Stage 

2 

*7,800 

14,530 

55,478 

3,375 

884 

3.8181 

Planetary  P2 

2 

*7,800 

55,478 

171,478 

884 

286 

3.0909 

Rotor  Shaft  s^ 

2 

*7,800 

171,478 

171,478 

286 

286 

‘Limited  by  rotor  at 

100% 

rpm. 
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Figure  71.  Design  Point  V  Drive  Schematic. 


DESIGN  POINT  V  DRIVE  SYSTEM  DATA 


Torque 

(ft-lb) 

RPM 

Item 

Power 

In 

Out 

Ir 

Out 

Ratio 

Engine  Shaft  N^i 

4 

7,426 

2,851 

13,680 

Overrunning  Clutch 

4 

7,426 

2,851 

2,851 

13,680 

13,680 

Engine  Reduction 

2 

7,426 

2,851 

7,800 

13,680 

10,000 

1.368:1 

Fan  Jaw  Clutch 

Fan  Planetary 

2 

14,852 

7,800 

7,800 

10,000 

10,000 

Reduction 

2 

14,852 

7,800 

14,718 

10,000 

5,300 

1.387:1 

Fan  Shaft  Sc 

2 

14,852 

14,718 

14,718 

5,300 

5,300 

Rotor  Jaw  Clutch 

2 

*11,320 

6,498 

6,498 

10,000 

10,000 

Rotor  Bevel  Set 

2 

*11,320 

6,498 

6,498 

10,000 

10,000 

1.0:1 

Vertical  Shaft  S^ 
Cross  i.naft 

2 

*11,320 

6,498 

6,498 

10,000 

10,000 

Bevel  Bi 

2 

*11,320 

6,498 

6,498 

10,000 

10,000 

1.0:1 

Cross  Shaft  S2 

Rotor  Nacelle 

1 

*11,320 

6,498 

6,498 

10,000 

10,000 

Bevel  B2 
Longitudinal 

2 

*11,320 

6,498 

6,498 

10,000 

10,000 

1.0:1 

Shaft  S3 
Herringbone 

2 

*11,320 

6,498 

6,498 

10,000 

10,000 

Reduction  H 

Ist  Stage 

2 

*11,320 

6,498 

21,341 

10,000 

3,045 

3.2841 

Planetary  P^ 

2nd  Stage 

2 

*11,320 

21,241 

81,486 

3,045 

798 

3.8181 

Planetary  P2 

2 

*11,320 

81,488 

251,864 

798 

258 

3.0909 

Rotor  Shaft  S4 

2 

*11,320 

251,864 

251,864 

258 

258 

♦Limited  by  rotor  at 

100% 

rpm. 

SECTION  IX 


STRUCTURAL  DYNAMICS  ANALYSIS 


1.  AERCSLASTIC  STABILITY 

Analyses  are  made  to  ensure  that  there  are  no  whirl 
flutter,  air  resonance,  or  classical  wing  flutter  problems 
with  the  folding- tilt-rotor  aircraft.  Whirl  flutter,  air 
resonance  and  classical  wing  flutter  prevention  are  inves¬ 
tigated  in  order  to  determine  whether  or  not  the  wing 
stiffness,  based  on  ultimate  strength  is  adequate.  Rotor 
blade  aeroelastic  stability  is  treated  in  a  limited  way. 
For  the  condition  of  zero  rpm  and  zero  foldback  angle 
blade  torsional  flutter  is  checked.  Blade  torsional 
divergence  is  checked  as  a  function  of  equivalent  fojrward 
sweep.  More  detailed  blade  analyses  will  be  carried  out 
during  Phase  II.  The  blade  wing  mass,  and  stiffness 
properties  given  in  Volume  2  are  used  to  obtain  the  design 
conditions  used  in  analyses  shown  here.  The  configuration 
analyzed  is  adequately  stable.  Detailed  results  for  the 
parameters  are  given  in  Table  XXVI . 

2 .  WHIRL  FLUTTER 


Results  of  a  study  using  program  C-26  with  wing/nacelle 
chordwise  bending  frequency  and  wing/nacelle  pitch 
frequency  varying  and  other  pareuneters  fixed  at  nominal 
are  shown  in  Figure  72.*  The  Model  aircraft  was  considered 
to  be  in  the  maximum  velocity  propeller  flight  mode  of  250 
knots  EAS  with  no  control  feedbacks.  This  is  the  most 
critical  velocity  for  whirl  flutter.  Aircraft  design  is 
stable.  There  is  no  flutter  region  present  even  if  the 
structural  damping  is  considered  to  be  zero. 


As  shown  in  Figure  72,  a  very  significant  parameter  for 
both  whirl  flutter  and  divergence  is  the  wing  torsional 
stiffness  and  corresponding  frequency.  For  nominal  aircraft 
properties,  increasing  the  wing/nacelle  torsional  stiff¬ 
ness  significantly  improves  the  stability  of  the  system. 

The  wing/nacelle  chordwise  bending  stiffness  has  a 
relatively  minor  effect  on  the  stability  boundaries  for 
Ivractical  variations  around  nominal. 


*  Nacelle  and  joint  stiffness  was  assumed  to  be  infinitely 
rigid. 
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TABLE  XXVI.  PARAMETERS  OF  AIRCRAFT  USED  FOR  AEROELASTIC 
STABILITY  ANALYSIS 

Description  Value 


Radius  of  Rotor  (in.)  275.2 

Number  of  Blades  2  ^ 

First  Moment  of  1  Blade  About  Flap  Hinge  (lb-sec  )  125.5 

Inertia  of  1  Blade  About  Flap  Hinge  (lb-sec2-in.)  21,015 
Ratio  of  Blade  Cut  Out  to  R  (nondimensional)  0.2 

Blade  Twist  at  75  percent  R  -  Root  Reference  -16.5 

(degrees) 

Mean  Chord  (in.'  23.04 

Lift  Slope  Coefficient  (1/rad)  5.73 

Distance  from  Center  of  Hub  to  Nacelle  Pivot  (in.)  115 

Distance  Between  Nacelle  Pivot  and  Effective  220 

Wing  Root  (To  be  approximately  61  percent  of 
wing  semispan)  (in.) 

Distance  Between  Nacelle  Pivot  and  eg  of  Rotor  94,2 

'lacelle  Combination  (in.) 

Nacelle  (Including  Blades  and  Hub)  Moment  of  136,204 

Inertia  in  Pitch  (Ib-sec^-in.) 

Weight  of  Nacelle  Including  4  Blades  and  Hub  (lb)  6,730 
Wing/Nacelle  Pitch  (Torsion)  Frequency  (cps)  2.75 

Wing/Nacelle  Yaw  (Chordwise)  Frequency  (cps)  2.87 

Wing/Nacelle  Vertical  Bending  Frequency  (cps)  2.51 

Rotor  Speed,  Propeller  Mode  (rpm)  262 

Maximum  Forward  Speed,  Propeller  Mode  (kn)  250 

Blade  Flap  Frequency  (cps)  5.37 

Blade  Angle-of-Attack  at  75  Percent  Radius  0 

(degrees) 

Effective  Hinge  Offset  (in.)  59 


Blade  Pitch  Axis  at  25%  Percent  Blade  Chord 

Wing  Pitch  Axis  at  40  percent  Section  Chord 


NOTES; 

1.  Blade  parameters  used  were  for  the  baseline  aircraft  design. 
Infinite  blade  control  system  stiffness  was  assumed. 

2.  The  six  degree-of- freedom  analysis  computer  program  (C-26) 
was  used  for  the  whirl  flutter  analysis.  This  analysis 
consists  of  a  system  of  6,  second  order,  linear  differential, 
equations.  Basic  assumptions  made  in  the  analyses  include 
quasi-state  aerodynamics,  out-of-plane  blade  flapping, 

zero  blade-flap  hinge  offset,  and  constant  rotor  velocity. 

3.  Computer  program  C-27  was  used  for  the  ground  resonance 
analysis.  This  is  a  second  order  linear  set  of  9 
differential  equations  which  include  2  normal  blade  modes. 
Quasi-static  aerodynamics  was  utilized.  The  program 
contains  in  and  out-of -plane  bending  of  the  blades. 
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VilUG/NACELLE  PIl’CH  FREQUENCY  (CPS) 


WING/NACELLE  CHORDWISE  BENDING  FREQUENCY  (CPS) 


Figure  72.  Model  Design  is  Stable  From  Whirl  Flutter  at  250 
Knots  EAS  With  Cyclic  Feedback  System  Inoperative 


181 


The  rotor  speed  margin  of  the  aircraft  is  a^quate  at  the 
maximum  propeller  cruise  velocity  of  250  knots  (EkS) .  The 
margin  of  safety  on  rotor  speed  is  at  least  140  rpra  (see 
Figure  73) .  The  aircraft  stability  is  quite  insensitive 
to  rotor  rpm  over  the  studied  range  of  0-400  rpm. 

The  model  design  is  stable  (with  significant  margins  of 
safety)  over  all  operating  velocities  as  shown  in  Figure 
74.  Also,  this  figure  again  empheisizes  the  importance 
of  wing/nacelle  pitch  stiffness  (or  frequency)  on  whirl 
flutter/divergence  safety  margins. 

The  model  is  also  stable  at  all  operating  power  settings 
as  shewn  in  Figure  75.  The  propellers  could  approach  a 
windmilling  condition  during  slowdown  from  dash  speed  and 
still  remain  stable  even  if  a  cyclic  system  were  not 
provided. 

The  analytical  model  used  for  this  study  is  shown  in  Figure 
76.  This  is  a  6-degree-of- freedom  analysis  which 
describes  the  blade  coning,  pitch  and  yaw  of  the  disc 
plane,  wing/nacelle  vertical  bending  (vertical  translation), 
torsion  (wing/nacelle  pitch) ,  and  chordwise  bending  (wing- 
nacelle  yaw) .  The  capability  of  treating  both  the  effects 
of  structural  damping  and  feathering  feedback  are  incli'^^d. 
The  analysis  computes  the  stability  boundary  as  a  func  i^n 
of  variation  in  pitch  and  yaw  natural  frequencies. 

3.  TORSION  BLADE  DIVERGENCE  AND  FLUTTER 


The  blade  is  considered  to  be  feathered  and  stopped.  It  is 
treated  as  a  cantilevered  slender  wing  with  zero  lift 
(Sections  8-3  and  8-4  Reference  5)  and  is  found  to  be  free 
from  torsional  divergence  for  all  forward  sweep  angles 
(Figure  77) .  The  most  critical  angles  of  forward  sweep 
are  from  30  degrees  to  50  degrees.  The  blade  is  found, 
by  conservative  calculations,  to  be  free  of  blade  flutter 
for  the  deployed  blade,  zero  rpm,  situation  to  350  knots. 

The  maximum  anticipated  forward  sweep  due  to  maneuver  emd 
gust  is  approximately  20  degrees. 

4.  CLASSICAL  WING  FLUTTER 

The  wing  is  analyzed  as  a  uniform  cantilever  wing  by  the 
method  defined  in  Section  9-2  of  Reference  5  and  is  found 
to  be  free  of  classical  flutter  up  to  a  conservative  minimum 
forward  airspeed  of  600  knots. 
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V 


WING/MACELLE  PITCH  FREQUENCY  (CPS) 


NOTES 


1) 

2) 

3) 

4) 


2  PERCENT  STRUCTURAL  DAMPING 
AIRSPEED  =  250  KNOTS 


ANGLE  OF  ATTACK  (a-e 
NO  FEEDBACK  CONTROL 


ROTOR  (RPM) 


Figure  73.  Rotor  Speed  Margin  of  Aircraft:  Adequate  at 
250  Knots  EAS. 
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VELOCITY  (KNOTS) 


NOTES: 

1)  2  PERCENT  STRUCTURAL  DAMPING 

2)  262  RPN 

3)  BLADE  ANGLE  OF  ATTACK  (ft-.  -  0) 

4)  NO  CYCLIC  FEEDBACK 


WING  PITCH  FREQUENCY  (CPS) 


Figure  74.  Model  Design  is  Stable  Over  All 
Operating  Velocities. 
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V 


VELOCITY  (KNOTS) 


0  10  20  30  40  50  60 

BLADE  COLLECTIVE  PITCH  -  6 (DEGREES) 


Figure  75.  Design  Stability  at  Various  Operating  Power  Settings. 
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t^mu  BT  ABB 


WING/NACELLE 

FREEDOMS 


MOTION  OF 


^0^ 


ROTOR/BLRDE 

FREEDOMS 


THE  KTH  BLADE 

0^  COS  {iPj^  +  ^  (K-1)  }  +  0g  SIN  ^  (K-1)  } 


Figure  76.,  Typical  Analytical  Model  of  Progreun  C-26. 
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5 .  AIR  RESONANCE 


The  folding->tilt>rotor  aircraft  can  have  air  resmance 
stability  problems  due  to  blade  chordwise  (lag)  bending 
coupling  with  an  aircraft  mode.  Such  re8on2mce  conditions, 
if  they  occur  within  the  aircraft  operating  regime,  must 
be  dan^>ed  by  the  airfrcuoe  emd  blade  structural  dancing  and 
rotor  blade  and  wing  aero^namic  dancing. 

Figure  78  shows  rotor  and  aircraft  freedoms  as  a  function 
of  rotor  speed.  There  are  three  regions  of  coalescence  of 
rotor  and  aircraft  frequencies  as  a  function  of  rotor  speed 
Instabilities  might  be  expected  at  any  of  these  three 
intersections.  Coalescence  with  the  upper  blade  mode  has 
never  been  found  to  be  a  pr(d>lem  and  is  not  one  here. 

The  coalescence  between  the  lower  blade  mode  and  the  rotor** 
wing  vertical  bending  intersection  is  found  to  be  stable 
(Figure  79)  when  noiiiinai  structural  daiiq>ing  and  rotor 
aerodynamic  damping  effects  are  considered.  The  area  of 
instability,  due  to  the  coalescence  between  the  lower  blade 
mode  and  the  wing  chordwise  bending  mode,  is  sufficiently 
removed  from  the  rotor  operating  speed  that  it  does  not 
present  a  problem. 

The  analytical  model  used  for  this  study  is  shown  in 
Figure  80.  This  is  a  9-degree-of-freedon:  analysis  which 
includes  torsion  (wing/nacelle  pitch) ,  chordwise  bending 
(wing/nacelle  yaw) ,  roll  (wing/nacelle)  and  2  linear 
blade  modes  each  described  by  a  constamt  blade  angle  and 
pitch  yaw  of  the  tip  path  plane. 


ROTOR  ROTATIONAL  SPEED  (RADIANS/SECOND) 


Figure  78.  Rotor  and  Aircraft  Frequency  Plot. 
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Figure  80.  Nine  Degree-of-Freedom  Propeller  Whirl  Model 
Analysis . 


SECTION  X 


STABILITY  AND  CONTROL 


HOVER  CONTROL 

To  date,  analysis  of  hover  control  has  been  confined  to 
determining  how  control  is  to  be  obtained  ^md  what  forces, 
moments,  and  control  movements  are  required  to  give 
specified  initial  angular  accelerations.  Control  response 
rates  and  dynamic  stability  in  hover  have  not  been 
investigated. 

Control  in  hover  is  provided  by  the  rotor  system  without 
the  use  of  pitch  or  yaw  fans  or  wing  control  surfaces. 

The  system  has  been  designed  to  provide  the  initial  emgular 
accelerations  specified  in  the  flying  qualities  criteria 
(i.e.,  roll:  1.0  radians/sec^;  pitch:  0.6  randian/sec^; 
and  yaw:  0.5  radians/sec^)  while  minimizing  as  far  as 
possible  the  loads  which  control  applications  apply  to 
the  rotor,  tip  nacelle  and  tilting  mechanism,  and  wing. 

a.  Roll  Axis 

Roll  control  is  provided  by  differential  collective 
pitch  cn  the  two  rotors.  For  the  hover  roll  inertia 
of  688,000  slugs  ft^  at  design  takeoff  gross  weight 
(67,000  pounds)  a  differential  thrust  of  +11,250 
pounds  is  required  to  provide  1.0  radians7sec2  initial 
angular  acceleration.  This  is  given  by  changes  in 
collective  pitch  of  +3  degrees. 

b.  Pitch  Axis 

Longitudinal  cyclic  control  is  used  for  longitudinal 
trim  and  pitch  control.  The  trim  requirement  at  design 
takeoff  gross  weight  is  for  eg  movement  10  inches 
forward  and  aft  of  the  zero  trim  position.  The  initial 
pitch  angular  acceleration  requirement  of  0.6  radians/ 
sec^  requires  a  control  moment  of  133,800  ft-lb  for  tne 
pitch  inertia  of  223,000  slugs  ft^.  One  degree  of  tip 
path  plane  deflection  due  to  cyclic  gives  32,700  ft-lb 
of  hub  moment  per  rotor  and  6,700  ft-lb  due  to  thrust 
line  offset  at  the  eg  height  for  a  total  of  78,800 
ft-lb  per  degree  for  both  rotors.  A  trim  capability 
of  +10  inches  is  thus  provided  by  0.71  degrees  of  cyclic 
tip  path  plane  deflection.  The  control  moment  will 
require  1.7  degrees  of  tip  path  plane  deflection  giving 
a  total  longitudinal  control  requirement  of  2.41 
degrees . 

MCEDING  PAGE  BIAHK 
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c .  Yaw  Axis 


Yaw  control  is  obtained  by  differential  inclination  of 
the  rotor  tip  path  planes.  This  can  be  accon^lished 
by  differential  longitudinal  cyclic  control  and/or 
by  differential  tilting  of  the  rotor  nacelles.  Cyclic 
control  produces  a  hub  moment  as  well  as  tip  path  plane 
tilt  and  this  sioment  does  not,  of  course,  contribute 
to  yaw  control.  Thus,  the  use  of  oyclic  control  alone 
may  lead  to  high  blade  stresses,  large  moments  in  the 
nose  mount  rotor  bearings  and  tilt  actuator  attachment 
structure,  and  high  actuator  loads.  On  the  other  hand, 
yaw  control  through  differential  nacelle  tilt  alone 
will  require  large  actuator  powers  in  order  to  obtain 
satisfactory  control  response.  The  c^jectlve  In  this 
preliminary  assessment  of  yaw  control  system  principles 
is  to  obtain  an  optimum  compromise  between  these  facton 
An  analysis  has  therefore  been  made  to  determine  the 
mix  of  differential  cyclic  and  nacelle  tlltinq  which 
will  provide  the  driving  moment  for  nacelle  tilting, 
from  the  moment  about  the  nacelle  pivot  due  tP  cyclic. 
The  solution  Piust  also  ensure  satisfactory  response  and 
total  control  moi^nt. 

2 

The  total  control  moment  required  to  give  0.5  rad/sec 
initial  vaw  acceleration  is  375,000  ft'-lb  for  the  750,000 
slugs  ft^  yaw  inertia  at  design  takeoff  gross  weight. 

The  equivalent  differential  in-pleme  fores  is  6,100  pounds 
giving  a  tilt  per  rotor  of  9.65  degrees.  Thus,  any 
cembinatidn  of  nacelle  tilt  and  tip  path  plane  deflection 
due  to  cyclic  whose  sum  is  9.65  degrees  will  give  the 
required  control  momenta  The  total  moment  about  a  nacelle 
pivot  is  38,700  ft- lb  per  degree  of  tip  path  plane 
deflection  due  to  cyclic  (32,700  ft- lb  direct  hub  moment 
and  6,000  ft- lb  due  to  thrust  offset  from  the  pi\rot) . 

This  moment  is  therefore  available  to  drive  the  nacelle 
tilt.  The  moment  required  to  drive  nacelle  tilt  is  the 
product  of  the  angular  acceleration  of  the  nacelle  and  its 
inertia.  If  we  assun'ie  a  sinusoidal  variation  of  nacelle 
angular  acceleration,  the  acceleration,  velocity,  and 
angular  velocity  time  histories  shown  in  Figure  81  are 
obtained.  The  aerodynamic  moments  generated  for  repre¬ 
sentative  angular  velocities  are  small  and  can  be  neglected. 

These  analyses  have  been  used  to  obtain  the  summary  plot 
presented  in  Figure  82.  In  this  figure,  the  pivot  moments 
required  to  tilt  the  nacelle  by  the  amounts  on  the  abscissa 
scale  are  shown  for  various  total  response  times.  The 
pivot  moments  generated  by  tip  path  plane  deflections  due 
to  cyclic  (A3)  are  also  shown,  including  the  additional 
moments  due  to  full  fore  and  aft  trim.  The  sum  of  the 
corresponding  values  of  A3  and  A^^  is  9.65  degrees  at  all 
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points  on  the  abscissa  scale.  It  can  be  seen  that  contTOl 
by  cyclic  alone,  point  (1) ,  generates  high  nooents  which 
will  result  in  large  L'ade  loads  and  tilt  actuator  forces. 
However,  if  rudder  pedal  '^veaent  demands  both  cyclic  and 
nacelle  tilt  of  the  amounts  given  by  point  (2)  then  2.0 
degrees  of  cyclic  will  generate  the  moment  required  to  tilt 
the  nacelle  7.6S  degrees  in  0.5  seconds  and  tcgethcur  they 
will  give  the  required  control.  In  this  exanqple  the 
adverse  effect  on  one  side  of  mcmient  due  to  longitudinal 
trim  is  included  amd  a  response  time  of  0.5  seconds  to 
full  control  (which  is  considered  adequate)  has  been  used. 
Conqaared  to  Point  (1)  the  pivot  monent  due  to  yaw  control 
only,  Point  (3) ,  is  reduced  by  a  factor  of  5  but  there  is 
still  no  hydraulic  power  required  by  the  tilt  actuators. 
Actually,  in  considering  yaw  control  cases  only,  the 
maximum  column  load  on  the  actuator  will  occur  when  the 
maximum  moment  required  to  decelerate  the  nacelle  angular 
movement  is  added  to  the  cyclic  moment.  If  the  response 
is  as  shown  in  Figure  81,  then  this  maximum  moment  will 
be  twice  the  cyclic  moment,  which  is  still  a  reduction 
by  a  factor  of  2.5  when  conpared  to  all-cyclic  control. 

Another  possibility  is  to  use  nacelle  tilt  only  to  produce 
the  control  moment  and  to  use  2.3  degrees  of  cyclic 
(point  (4)  of  Figure  82)  as  a  servo  control  to  provide 
^e  pivot  moment  needed  to  accelerate  and  stop  the  nacelle 
tilting  motion.  This  would  require  a  sinusoidal  cyclic 
control  input  matched  to  the  nacelle  tilt  motion.  Such  a 
system  would  have  the  advantage  of  further  minimizing  tilt 
actuator  loads.  However,  the  control  system  design 
implications  for  such  a  system  need  to  be  investigated. 

In  summary,  it  has  been  shown  that,  in  principle,  adequate 
yaw  co'itrol  can  be  obtained  on  a  tilt-rotor  aircraft  with 
hingeless  rotors  without  the  use  of  large  amounts  of  cyclic 
control  leading  to  high  blade  and  other  loads,  and  without 
the  necessity  for  a  brute  force  approach  of  large  nacelle 
tilt  actuators  to  drive  a  differential  nacelle  tilt  system 
with  adequate  response.  The  system  advocated  at  this  time 
is  that  which  uses  2  degrees  of  differential  tip  path  plane 
deflection  due  to  Q'clic,  coupled  with  7.65  degrees  of 
differential  nacelle  tilt. 
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WHERE  T  TIME  FOR  FULL  CONTROL  DISPLACEieMT 
>  FULL  CONTROL  DISPLACEMENT 

Aa.  .  Sin  (2*1)  Ad  ,  cos(2»|)  Aa  2*8in(2* 

A^-T  — T— - 


Figure  81.  Assumed  Response  Characteristics  of  Rotor  Nacelle 
Tilt  for  Yaw  Control. 
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MOMEHT  ABOUT 
HACBLLE  PIVOT 

(PT-LB  X  10*) 
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+10  +8  +6  +4  +2  0 

DIFFERENTIAL  NACELLE  TILT  ANGLE  (A 6^) 


Figure  82.  Cyclic  Pitch  and  Nacelle  Tilt  Mixing  for  Yaw 
Control . 
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TRAHSITION  CONTROL 


The  control  systea  will  be  designed  to  provide  uncot^led 
control  about  eadi  axis*  with  conventional  basic  respcmse 
to  control  stick  and  rodder  pedal  noveaent.  LongituUnal 
ccmtrol  will  be  phaised  iron  longitudinal  cyclic  pitch 
to  the  horizontal  tail  surface  as  speed  Increases  frosi 
hover  to  forward  flight.  Autoaiatic  progranning  of  hori¬ 
zontal  tail  incidence  will  be  used  to  help  siinii^ze  trim 
changes  during  transition.  Roll  control  will  trans¬ 
ferred  from  differential  collective  pit^  in  hover  to 
differential  flap  deflection  in  flaps-dcwn  conventional 
fli^ti  and  yaw  control  will  be  transferred  frosi  coaiiined 
differential  longitudinal  cyclic  and  nacelle  tilt  in  hover 
to  rudder  in  conventional  flight.  Phasing  and  nixing  of 
controls  will  be  a  function  of  transition  speed  and/ur 
nacelle  tilt  angle  as  deternined  by  future  analysis  and 
model  tests. 
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3.  C(»iVEItSIQN  CONTROL 


Conversion  and  reconversion  from  rotor  to  fun-dri ven  flight 
and  back  must  be  acconplished  with  mininica  pilot  effort. 
Although  the  conversion  events  may  be  individually  com¬ 
manded  by  the  pilot  (e.g. ,  for  test  purposes  or  to  inspect 
rotor  blades  after  combat) ,  the  pilot  will  normally  select 
"convert"  or  "reconvert"  and  the  sequences  of  events  de¬ 
scribed  in  Tcd>le  XXVII  will  occur  automatically.  An  anun- 
ciator  panel  on  the  console  will  have  sequenced  lights 
corresponding  to  each  event  for  pilot  information,  switches 
for  pilot  control  of  individual  events,  and  master  switches 
for  selection  of  automatic  conversion  or  reconversion. 

While  all  actuators,  power  supplies,  sequencing  switches, 
and  circuitry  would  be  duplicated,  failure  warning  and 
diagnostic  features  would  also  be  provided. 

With  this  automatic  feature  the  pilot  will  be  free  to  con¬ 
trol  aircraft  height  and  speed  in  the  normal  fashion. 

While  the  preliminary  design  analysis  and  weights  shown  in 
this  report  are  based  on  a  propulsion  system  which  included 
fan  clutches  they  are  not  now  thought  to  be  necesseury. 
Discussions  with  engine  manufacturers  led  to  the  conclusion 
that  the  power  absorbed  by  the  fan  running  in  virtually  a 
still  air  environment  in  hover,  with  the  auxiliary  inlet 
inner  doers  closing  off  the  fan  duct  aft  of  the  fan,  will 
be  a  very  small  percentage  of  the  total  power  available. 
Therefore,  Table  XXVII  is  based  on  a  system  which  does  not 
have  fan  clutches.  It  is  assumed  that  dynamic  pressure 
sensing  systems,  in  front  of  and  behind  the  fan,  will  be 
used  to  sense  the  pressure  difference  across  the  fan  and 
that  this  will  signal  inlet  guide  vane  or  fan  blade  pitch 
to  maintain  zero  net  thrust  on  the  fan  during  transition 
to  forward  flight.  When  thriist  transfer  is  initiated  this 
system  will  be  cut  out  and  control  of  the  inlet  guide  vanes 
or  fan  pitch  transferred  to  a  normal  constant  speed  system. 

Wind  t\innel  tests  show  that  lift  coefficient  increases  by 
0.15  in  a  linear  fashion  as  the  blades  are  folded  at  the 
low  wing  angle-of- attack  typical  of  conversion  with  flaps 
down.  Trim  changes  did  not  exceed  a  ACm  of  0.05,  well  be¬ 
low  the  trim  changes  experienced  with  flap  retraction  on 
conventional  aircraft.  Drag  reduction  during  folding  cor¬ 
relates  well  with  analysis  and  it  was  found  that  the  blades 
lying  flush  in  sculptured  recesses,  but  not  sealed  in  the 
nacelle,  did  not  increase  the  drag  significantly  as  com¬ 
pared  to  a  completely  faired  nacelle.  The  effect  of  blade¬ 
folding  on  lift  slope  and  longitudinal  stability  is  illus¬ 
trated  in  Figures  83  and  84.  The  change  in  neutral  point 
of  10.6  percent  as  the  blades  are  folded  is  expected  to  be 
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TABLE  XXVII.  STOWED-TILT-ROTOR  AIRCRAFT  C(»1VERSI0II 
CYCLB^  AUTOMATIC  MODE 

Function  Action  Required  Input 


Rotor  Feathering  and  Folding 


Decrease  rotor  blade  Pilot  ccnmand  for 

pitch  and  actuate  rotor  conversion 

clutches  so  that  they 

disengage  as  rotor 

torque  approaches 

zero.  Increase  fan 

blade  pitch  through 

constant  speed  system. 

Drive  rotor  blade  pitch  Rotor  clutches 
to  slightly  past  disengaged  (micro* 

feather  switch  signal) 


Thrust  Tremsfer  euid 
Rotor  Disengage¬ 
ment 


Rotor  Stopping 


Rotor  Locking 


Fola  Blades 


Retract  Flaps 


Rotor  stops  and  re¬ 
verses  rotation 

Electro  hydraulic  unit 
applies  rotor  locks 


Blade  fold  actuator 


Blade  tip  restraints 
actuated  and  locked 


Pilot  manual  selec¬ 
tion 


Microswitch  signal 
from  cmtirotation 
locking  dog 

Rotor  locked  at 
correct  azimuth 
position 

Fold  angle  appro¬ 
ximately  85  de¬ 
grees  (microswitch 
signal) 

Conversion  complete 
indicated  on  panel, 
and  IAS  checked 


Rotor  Deployment  cuid  Spinup 


Slew  to  Allowable 
Conversion  Speed 
Range  and  Lower 
Flaps 

Deploy  Blades 


Pilot  action 


Blade  fold  actuator 


Pilot  selects 
reconversion 
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TABLE  XXVII.  (Continued) 


Function 

Action  Required 

Input 

Blades  Locked 

Hydraulic  locking  pins 
engaged 

Fold  actuator 
position 

Rotor  Spin\q>  and 
Engagement 

Decrease  rotor  blade 
pitch,  then  rpm/b lade- 
pitch  feedback  to 
match  rpm  across  rotor 
clutches. 

Blade  lock  micro¬ 
switches 

Rotor  clutches  in 

Clutch  synchroniz¬ 
ed  signal 

Thrust  Transfer 

Increase  rotor  pitch 
to  setting  dictated 
by  constant  speed 
governor  for  pilot 
controlled  power 
setting  euid  actuate 
automatic  system  for 
zero  fan  thrust 

Rotor  clutches 
engaged  micro¬ 
switches 
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Figure  83.  Effect  of  Blade  Folding  on  Lift  Slope 
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(approximately  17  percent)  at  full  scale ,  since  the 
model  Reynolds  number  based  on  blade  ^ord  is  less  than 
10^.  This  loss  of  stability  is  accoa^anied  by  an  aft  eg 
shift  of  approximately  5  percent  MAC  and  an  increase  in 
longitudinal  damping «  so  that  the  short  period  mode  is  not 
substantially  affected,  fdiile  the  tail  could  be  sized  to 
give  inherent  stability  in  this  case,  it  would  result  in 
excessive  static  stability  in  the  fan-driven  cruise  mode 
which  would  give  very  high  tail  loads  in  hi^  speed  maneu¬ 
vers  us  well  as  compromising  handling  qualities.  A  more 
attractive  solution  would  be  to  utilize  the  stability 
augmentation  necessary  for  hover  £uid  transition  to  stabilize 
the  aircraft  in  rotor  driven  flight  and  size  the  tail  for 
satisfactory  handling  qualities  in  fan-driven  flight.  The 
SAS  systems  would  of  course  have  the  necessary  redundancies 
to  insure  safety  of  flight  in  the  basically  unstable  rotor 
mode. 

Rotor  spinup  and  stopping  are  acconplished  aerodynamically 
without  tiie  aid  of  mechanical  spinup  devices  or  brakes. 

Model  tests  have  shown  that  lift  and  pitching  moment  changes 
are  negligible  for  either  spinup  or  stopping.  However,  the 
energy  required  to  spin  up  the  rotor  results  in  a  drag 
transient  and  stopping  gives  a  thrust  transient.  The 
transient  thrust  levels  during  rotor  stopping  are  less  than 
the  transient  spinup  drag  values.  Figures  85  and  86  give 
typical  time  histories  of  pertinent  parameters  for  conver¬ 
sion  and  reconversion.  Preliminary  analysis  of  wind  tunnel 
test  results  indicates  that  the  spinup  drag  transient  does 
not  peak  above  available  thrust  values;  and  will  therefore 
not  cause  any  speed  or  altitude  change  if  fan  thrust  is 
controlled  to  match  the  transient  (by  autopilot  height 
hold  for  instance) .  Spinup  times  are  expected  to  be  about 
20  seconds. 
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TYPICAL  VARIATION  OF  AIRCRAFT  VELOCITY  8,  AND  FOLD  »NGLE 

THRUST  ROTOR  AND  FAN  (KNOTS)  ' (DEGREES) 


Figure  87.  Directional  Stability  with  the  CG  at  33  Percent 
of  Mean  Aerodynamic  Cr.ord, 
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4.  STATIC  STABILITY  CHARACTERISTICS 


The  en^ennage  was  sized  to  provide  adequate  static  stabili^ 
margins  throughout  the  cruise  flight  envelope  with  the 
rotors  folded.  The  stability  augmentation  system  (SAS) , 
which  is  required  to  provide  acceptable  flying  qualities 
during  hover  and  transition,  will  be  used  to  neutralize  the 
destabilizing  effects  of  the  rotor  during  the  rotoi 
extended  cruise  phase  and  the  folding  (deration.  This 
is  desirable  to  eliminate  large  stability  emd  control 
sensitivity  changes  between  the  extended  and  folded  flight 
modes  of  the  rotor.  A  static  margin  (SAS  OFF)  of  at  least 
15  percent  exists  throughout  the  cruise  speed  range  for- 
the  farthest  aft  location  of  the  center  of  gravity.  The 
horizontal  tail  area  and  tail  volume  coefficient  (referred 
to  the  most  aft  eg)  are  199  square  feet  and  0.78  re¬ 
spectively. 

The  unaugmented  directional  stability  (C}}g)  is  at  least 
0.08  per  radian  at  the  most  aft  center  of  gravity  location 
throughout  the  rotors  folded  flight  envelope,  as  indicated 
in  Figure  87.  Vertical  tail  area  and  volume  coeffi¬ 
cient  are  154  square  feet  and  0.087  respectively. 

By  locating  the  horizontal  tail  on  top  of  the  vertical  tail, 
destabilizing  wing  downwash  and  dynamic  pressure  effects 
are  minimized.  The  high  horizontal  tail  also  acts  as  an 
endplate  on  the  vertical  tail  to  increase  the  vertical  tail 
effective  aspect  ratio.  The  static  and  dynamic  stability 
derivatives,  used  in  the  following  dynamic  stability  analy¬ 
sis,  are  summarized  in  Tables  XXVIII  and  XXIX.  Conventional 
methodology  from  References  6  and  7  was  utilized  to 
predict  the  cruise  stability  derivatives  (rotors  folded) , 
This  procedure  involved  a  buildup  from  two  dimensional 
airfoil  data  and  a  correction  for  three  dimensional  effects, 
compressibility  effects,  interference,  etc.  This  procedure 
was  performed  on  the  Model  160  tilt  rotor,  which  is  similar 
configuration,  and  showed  good  correlation  with  wind  tvinnel 
test  data. 

5.  CONTROL  CHARACTERISTICS 
a.  Elevator 


A  flying  tail  configuration  was  selected  for  longitudi¬ 
nal  control.  Control  authority  of  the  tail  configura¬ 
tion  is  shown  as  Cm  versus  tail  incidence  in  Figure 
88.  From  this  data  it  can  be  shown  that  elevator  per 
g  requirements  for  the  positive  V-n  maneuver  comer 
at  256  knots  are  satisfied  only  for  the  nominal  and 
maximum  aft  eg  configurations. 
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TABLE  XXVIII.  LONGITUDINAL  STABILITY  DERIVATIVES 


CG  «  33  Percent  NAC 

V  »  180  Kn  Vs  420  Kn 

10,000  Ft  10,000  Ft 


( ft/sec) 

0.00058 

-0.00008 

(rad)“^ 

0.144 

-0.215 

(rad/sec) 

0 

0 

( ft/sec) 

-0.0077 

-0.00058 

(rad)“^ 

-5.49 

-6.0 

(rad/sec) 

0 

0 

( ft/sec) 

0.00179 

0 

(rad)"^ 

-0.855 

-0.898 

( rad/sec) 

-0.216 

-0.102 

(rad/sec) 

-0.086 

-0.043 

(rad)"^ 

-2.96 

-3.36 

TABLE  XXIX.  LATERAL-DIBECTIONAL  STABILITY  DERIVATIVES 


V  -  180  Ktd 
10,000  FT 

V  «  420  KtS 
10,000  Ft 

-0.578 

-0.593 

0.412 

0.428 

% 

-0.0762 

-0.0956 

="6 

0.0868 

0.052 

-0.354 

-0.369 

0.145 

0.0624 

-0.1699 

-0.1301 

0.3013 

-0.0854 

Cl 

P 

-0.3991 

-0.403 

-0.122 

-0.124 

Cl 

0.0266 

0.027 

6 

-0.184 

-0.189 

c„ 

-0.040 

-0.041 

A 
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Figure  88.  Longitudinal  Control  Characteristics  at 
Low  Speed  with  CG  at  33  Percent  of  the 
Mean  Aerodynamic  Chord. 
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For  the  meuclmum  forward  eg  tail,  saturation  will  be 
experienced  prior  to  attaimaent  of  the  sumeuver  g. 
This  problem  is  expected  to  be  solved  with  inverse 
camber  on  the  tail  surface  or  a  geared  elevator. 
Briefly,  the  elevator  per  g  data  is 

CG  at  20  percent  NhC  is  8.6"/g 
CG  at  30  percent  MhC  is  S.O^/g, 

cind  tail  saturation  (stall)  is  predicted  at  17  to  18 
degrees  incidence. 

b .  Rudder 


The  rudder  must  be  adequate  to  hold  5  degrees  or  less  of 
sideslip  with  one  engine  inoperative  and  the  rotors 
stowed.  This  condition  can  be  satisfied  at  zero  bank 
and  sideslip  with  7.5  degrees  deflection  of  a  40- 
percent  chord  rudder,  as  shown  in  Figure  89.  While  a 
smaller-chord  rudder  would  meet  the  criteria,  the  40- 
percent-chord  surface  has  been  retained  since,  as  shown 
in  Figure  90,  it  permits  a  1.2  Vs  two-engine-out 
condition  with  5  degrees  sideslip.  This  is  considered 
desirable  for  the  two-engine -out  emergency  landing  case. 

c.  Aileron 


A  plain  flaperon  configuration  was  considered  for  this 
analysis.  The  analysis  also  assumed  no  yawing  moment 
due  to  flaperon  deflection.  The  roll  response  predic¬ 
tions  are  shown  in  Figure  91.  These  show  that  roll 
response  is  not  adequate  at  speeds  below  180  knots. 
Development  of  a  slotted  flaperon  to  permit  stalling 
of  the  wing  with  the  downward-deflected  flaperon  should 
produce  adequate  response.  Adverse  yaw  effects  could 
require  a  flaperon-spoiler  arrangement. 

6 .  DYNAMIC  STABILITY 


a.  Stick  Fixed 

(1)  Longitudinal 

(a)  Short  Period  Mode 


Short  period  information  is  displayed  in  the 
Wsp  versus  nz/a  format  in  Figure  92  and  in 
complex  format  in  Figure  93.  In  both  cases, 
the  data  is  compared  with  the  criteria  set 
out  in  MIL-F-008785  with  the  observation  that 
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Cj^  =  2.15  at  6p  = 
=  YAWING  MOMENT  MAX 

6  -  SIDESLIP  ANGLE  =  0.4 

SR  -  RUDDER  DEFLECTION  AFT  CG 


Figure  90.  Rudder  Control  Moments 


Figure  92.  Vertical  Acceleration  at  CG  Versus  Short  Period 
Frequency  for  a  Stowed  Rotor  Configuration 
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Figure  93.  Longitudinal  Short  Period  Roots  with  the  CG  Maximum 
Aft  and  a  Gross  Weight  of  67,000  Pounds. 
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the  acceleration  performamce  is  well  within 
the  level  1  constraints,  and  the  damping  is 
only  marginally  outside  the  Level  1  criteria 
for  the  high  altitude,  high  velocity  mission 
comer. 


(b)  Phugoid  Mode 

The  phugoid  node  is  displayed  in  con^lex  form 
in  Figure  94,  with  the  observation  that  levels 
1  and  2  are  violated  for  the  low  speed  domain, 
and  level  1  is  violated  for  the  high  speed 
domain.  Within  the  mission  and  payload  con¬ 
straints,  suggested  correction  of  the  phugoid 
through  configuration  is  unfavorable  since  a 
reduction  in  L/D  is  indicated.  Since,  as 
previously  stated,  a  SAS  based  or.  air  data 
pickoffs  will  be  installed,  pickoffs  will  be 
available  to  augment  the  phugoid. 


(2)  Lateral 


(a)  Dutch  Roll 


Dutch  roll  data  is  displayed  in  conplex  format 
in  Figure  95,  and  the  exhibited  behavior  is 
outside  level  1  constraints  only  for  the  low- 
speed  high-altitude  mission  corner.  Any 
corrections  of  this  deficiency  through  mani¬ 
pulation  of  geometry  (dihedral  and  vertical 
tail)  are  at  the  expense  of  the  spiral  mode 
which  is  already  unacceptable.  Consequently, 
the  corrections  must  come  in  the  form  of 
lateral  rate  and  attitude  augmentation.  No 
further  adjustment  of  the  configuration  is 
suggested  at  this  time  to  accommodate  the 
dutch  roll. 


(b)  Roll  Subsidence 


The  aircraft  is  generally  deficient  in  roll 
damping  as  result  of  high  roll  inertia  ver¬ 
sus  low  aspect  ratio.  In  general,  only  level 
3  criteria  are  met.  However  it  is  suggested 
that  no  changes  in  the  configuration  be  made, 
since  it  is  believed  that  boundary  layer  be¬ 
havior  over  the  tip  nacelles  may  produce 
higher  damping  coefficients  than  those  esti¬ 
mated  using  standard  techniques. 
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(c)  Spiral  Divergence 


Spiral  behavior  over  the  whole  mission  envel¬ 
ope  following  conversion  is  generally 
unacceptable  by  MlL-F-008785  standards.  For 
this  configuration,  the  most  effective  tech¬ 
nique  of  reducing  this  deficiency  is  to 
increase  the  body  end  plate  effect  on  the 
vertical  tail  by  broadening  the  aft  fuselage 
and  by  adding  dihedral.  Again,  rather  than 
introducing  unfavorable  payload  volumetric 
distribution,  it  is  felt  that  yaw  rate  aug¬ 
mentation  is  a  more  appropriate  fix  both 
from  spiral  and  dutch  roll  standpoint. 

(3)  Stick  Free 


General 

No  sticK-free  dynamic  analysis  is  provided  at  this 
time.  Since  artificial  feel  is  required  for  an 
all-power-control  aircraft  such  as  this,  there 
should  be  no  problem  with  stick-free  dynamics. 

Methods  of  solving  the  aileron  deficiency  are: 

(a)  Control  surface  leading  edge  design 

(b)  Added  aileron  chord 

(c)  Nacelle  shaping  for  end  plate  effect  and 
local  velocity  distribution, 

(d)  Segmenting  rudder  surface  and  gearing  with 
stick. 

Probably  the  most  effective  technique  will  be 
nacelle  shaping  in  the  vicinity  of  the  surface, 
both  for  stall  control  and  authority. 
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Figure  94.  Longitudinal  Phugoid  Mode  Roots  with  the 

CG  Maximum  Aft  and  a  Gross  VJeight  of  67,000  Pounds. 
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Figure  95.  Lateral  Dutch  Roll  Roots  with  the  CG  Maximum  Aft 
and  a  Gross  Weight  of  67,000  Pounds. 
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TSADE'OFF  STUDIES 


DESIOJ  POINT  I  RESCUE  AIRCRAFT 

a.  Cruise  Speed  Sensitivity 

Figures  96  and  97  show  the  results  of  sizing  the 
Design  Point  I  resctie  aircraft  to  fly  at  various 
cruise  speeds.  As  cruise  speed  thrust  requirements 
increase,  installed  power  (and  therefore,  bare  engine 
weight)  increases.  As  bypass  ratio  (and  therefore, 
fan  diameter)  increases,  so  does  the  extra  weight 
associated  with  the  fan  and  its  shroud,  along  with  the 
profile  drag  of  the  engine/fan  nacelle. 

The  optimum  bypass  ratio  for  a  given  design  V^^uj^se 
will  be  the  one  which  maximizes  the  ratio  of  installed 
thrust/installed  power,  while  minimizing  specific  fuel 
consumption  and  profile  drag.  Investigation  has  shown 
that  these  factors  combine  to  dictate  a  reduction  in 
bypass  ratio  with  increasing  cruise  speed.  Figure 
96  shows  that  mid-point  gross  weight  is  relatively 
insensitive  to  varying  bypass  ratio  at  a  given  design 
Vcruise  narrow  band  shown. 

Matched  power  aircraft  exhibit  an  increase  in  hcver 
disc  loading  with  increasing  cruise  speed.  In  the 
case  of  the  stowed- tilt- rotor  aircraft,  however,  an 
upper  limit  on  disc  loading  (W/A  »  15  psf)  has  been 
set  in  order  to  maintain  reasonably  low  hover  downwash 
velocities.  So,  although  W/A  =  10.5  psf  for  Vcruise  = 
350  knots,  W/A  has  been  limited  to  15  psf  at  Vcruise  ^ 
400  knots  (See  Figure  97) . 

To  forestall  compressibility  drag  rise,  wing  thickness 
has  been  reduced  with  increasing  Vcruise  and  "peaky” 
airfoil  sections  employed. 

b .  Dash  Speed  and  Altitude  Sensitivity 

The  effect  of  varying  the  dash  speed  and  altitude  of 
the  Design  Point  I  aircraft  is  illustrated  in  Figure 
98.  All  aircraft  represented  by  the  plot  have  engines 
sized  by  the  requirement  for  a  400  kt  cruise  at  25,000 
feet.  So,  any  sensitivity  to  variation  of  dash  speed 
and  altitude  is  caused  by  variations  in  power  settings 
(and,  therefore,  fuel  flows)  at  the  various  dash 
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conditions.  For  exan^le,  at  a  given  dash  speed,  the 
power  required  decreases  as  dash  altitude  increases, 
hence  a  reduction  in  fuel  consumption  (and  gross 
weight) . 

c.  Mission  Radius  Sensitivity 

Figure  99  illustrates  the  effect  of  sizing  the 
Design  Point  I  aircraft  at  various  mission  radii.  As 
mission  radius  increases,  cruise  fuel  weight  2md  gross 
weight  increase. 

d.  Payload  and  Hover  Time  Sensitivity 

Figures  100  emd  101  show  the  effects  of  varying, 
respectively,  the  payload  weights  and  mid-point  hover 
times  of  the  Design  Point  I  aircraft.  All  aircraft 
represented  in  the  Figures  have  engines  sized  by  the 
400  ht  cruise  requirement. 

e.  Hover  Altitude  £md  Teng>erature  Sensitivity 

The  Design  Point  I  aircraft  has  a  design  hover  condi¬ 
tion  of  6,000  feet  at  95**  Fahrenheit.  So,  any  less 
stringent  variation  in  hover  conditions  will  have  no 
effect  on  engine  sizing,  it  would  only  cause  slight 
ch£mges  in  the  amount  of  hover  fuel  required.  The 
actual  sensitivities  are: 

(1)  100  lb  mid-point  gross  weight/1000  ft  of  altitude 

(2)  120  lb  mid-point  gross  weight/10®  Fahrenheit 

f .  Aerial  Refueling  Sensitivity 

The  Design  Point  I  mission  does  not  allow  aerial  re¬ 
fueling.  If  this  requirement  is  relaxed  and  the 
aircraft  resized,  it  is  possible  to  effect  a  consider¬ 
able  saving  in  weight.  In  such  a  case,  the  refueling 
point  is  assumed  to  be  at  the  end  of  the  inbound  350 
knot  dash;  this  allows  refueling  at  a  safe  dist£mce  from 
any  hostile  environment.  Assuming  the  present  return 
leg  reserves  5  percent  of  the  mission  fuel  plus  30 
minutes  at  the  best  enduremce  speed,  at  sea  level 
before  refueling,  the  midpoint  gross  weight  would  be 
reduced  by  approximately  14,000  pounds. 
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2.  DESIGH  POINT  IV  TRANSPORT  AIRCRAFT 


a.  Cruise  Speed  Sensitivity 

A  study  was  done  to  determine  the  sensitivity  of  the 
design  gross  weight  to  variation  of  the  design  cruise 
speed  capability.  Horsepower  installed  per  pound  of 
gross  weight  was  calculated  for  various  cruise  speeds 
over  a  range  of  altitudes,  as  a  function  of  by-pass 
ratio.  Also,  matched  power  points  in  hover  and  cruise 
were  provided  by  obtaining  the  fuel  flow  per  pound  of 
gross  weight  and  the  disc  loading  in  hover  flight,  at 
2500  feet,  93**  Fahrenheit,  IGE.  An  evaluation  of  the 
results  indicated  the  cruise  altitude  and  disc  loading 
for  each  design  cruise  speed  which  would  yield  the 
lowest  design  gross  weight.  From  this  it  was  deter¬ 
mined  that  10,000  feet  was  the  near-optimum  altitude 
over  the  range  of  speeds  considered,  when  the  weight 
advantage  of  a  non-pressurized  fuselage  was  included. 

A  combination  of  power  installed  and  specific  fuel  flow 
variations,  taken  together  within  the  mission  profile, 
determined  the  optimum  by-pass  ratio.  The  optimum  disc 
loading  was  used  wherever  its  value  was  less  than  the 
16.0  psf  that  was  established  for  the  design  point 
tr^ulsport  aircraft. 

Figure  102  shows  the  resultant  sensitivity  of  gross 
weight  to  sizing  at  various  cruise  speeds.  A  small 
increment  in  gross  weight  is  noted  when  the  mission 
cruise  and  dash  speeds  are  allowed  to  increase  to  take 
advantage  of  the  full  capability  of  the  installed  power. 

b.  Dash  Speed  and  Altitude  Sensitivity 

Sensitivity  of  design  gross  weight  to  aircraft  sizing 
at  various  dash  speeds  and  altitudes  is  presented  in 
Figure  103.  The  engine  is  sized  by  the  cruise  or  dash 
speed  in  all  cases.  Since  the  dash  at  350  knots  at 
3000  feet  (the  design  point)  is  nearly  a  power  match 
in  cruise  and  hover  flight,  a  lower  dash  speed  decreases 
the  gross  weight  iteratively,  and  the  cruise  at  350 
knots  at  10,000  feet  becomes  critical  in  the  sizing 
process.  The  gross  weight  is  reduced  and  power  avail¬ 
able  for  hover  flight  at  2500  feet,  93®  Fahrenheit,  is 
greater  than  that  required. 

As  the  dash  altitude  increases,  the  drag  in  the  dash 
portion  of  the  mission  decreases.  The  fuel  required 
for  dash  decreases.  Gross  weight,  and  consequently, 
installed  power  decrease,  thus  creating  a  trend  of  de¬ 
creasing  gross  weight  with  increasing  dash  altitude. 
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As  the  speed  of  the  dash  segment  increases ,  the  air* 
craft  drag  increases.  Power  installed  and  fuel  required 
in  dash  increase.  Cruise  at  350  knots  at  10,000  feet 
is  critical  in  sizing  to  the  matched  power  point  (de¬ 
sign  point) .  Dash  speeds  above  350  knots  become  tbe 
critical  factor  in  engine  sizing,  and  the  gross  weight 
increase  is  an  iterative  result  of  increase  in  engine 
size  and  fuel  required. 

The  apparent  abrupt  increase  in  gross  weight  with  dash 
speed  beyond  the  design  point  is  due  to  the  departure 
from  quasi -constant  power  sizing  at  dash  speeds  below 
350  knots  and  the  ever-increasing  power  sizing  required 
beyond  the  design  point  dash  speed. 

c.  Mission  Radius  Sensitivity 

Figure  104  shows  the  sensitivity  of  significant  para¬ 
meters  to  the  variation  in  mission  radius.  The  figure 
is  almost  self-explanatory.  As  the  mission  radius  is 
incremented,  the  amount  of  fuel  required  changes.  This 
change  alters  the  weight  throughout  the  mission  and 
therefore,  the  power  installed  requirements  in  all 
segments  of  the  mission  are  changed.  With  constant 
wing  loading  and  disc  loading,  component  sizes  are 
changed.  Drag  is  changed.  The  result  is  an  iterative 
sizing  process  until  the  gross  weight,  power  installed, 
drag,  and  fuel  quantity  are  again  matched.  The  curve- 
slope-rate  change  is  indicative  of  this  process. 

d.  Design  Payload  Sensitivity 

Figure  105  shows  the  sensitivity  of  significant  para¬ 
meters  to  the  variation  in  design  payload.  The  incre¬ 
ment  in  payload  is  analogous  to  the  initial  increment 
in  fuel  weight  in  c.  above.  However,  the  payload 
increment  itself  is  not  subject  to  iteration  as  was 
the  initial  fuel  increment.  The  slope  rate  change  is 
noticeably  less. 

e.  Mission  Hover  Time  Sensitivity 

Figure  106  shows  the  sensitivity  of  significant  para¬ 
meters  to  the  variation  in  hover  time  during  the  mission. 
The  increment  in  mission  time  was  varied  proportionally 
to  the  initial  time  of  the  hover  phases  within  the 
specified  mission.  As  the  hover  time  is  increased, 
the  amount  of  fuel  required  to  hover  is  increased.  The 
power  required  to  hover  (under  the  same  conditions  and 
efficiencies)  is  increased.  The  iterative  process  is 
now  analogous  to  that  described  in  c. 
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f •  Hover  Altitude  and  Tengerature  Sensitivity 

Figure  107  shows  the  sensitivity  of  the  design  gross 
weight  to  hover  altitude  and  teRi{>erature .  At  points 
below  the  dashed  line  the  engines  are  cruise  sized  at 
the  design-point  dash  criteria  of  350  knots  (TAS)  at 
3000  feet,  95*  Fahrenheit.  Hover  flight  at  design  point 
conditions  will  then  be  possible  at  reduced  power  and 
fuel  flow.  The  reduction  in  fuel  required  in  hover 
causes  the  noted  small  reduction  in  ^e  iterated  gross 
weight.  Above  the  dashed  line,  the  engines  are  sized 
for  hover  flight.  In  addition  to  the  increase  in  power 
and  fuel  flow;  the  rotors,  drive  system,  controls,  and 
supporting  structure  have  entered  the  iterative  cycle 
and  the  design  gross  weight  increases  rapidly. 
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Figure  98.  Design  Point  I  Sensitivity  of  Midpoint  Gross  Weight 
to  Sizing  at  Various  Dash  Speeds  and  Altitudes  for 


MIDPOINT  GROSS  WEIGHT  (1000 


0  0,2  0.4  0.6  0.8  1.0  1.2  1.4  1.6 

HOVER  TIME  (HR) 


Figure  101.  Design  Point  I  Sensitivity  of  Midpoint  Gross 
Weight  to  Sizing  at  Various  Hover  Times  for 
6,000-Foot  Altitude,  95®F  Temperature,  HOGE, 
and  T/W  =  1.073. 
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GROSS  WEIGHT  (1000  LW) 


300  350  400 


CRUISE  SPEED  CAPABILITY  (KN) 


Figure  102.  Design  Point  IV  Sensitivity  of  Gross  Weight  to 
Sizing  at  Various  Cruise  Speeds  for  Air  Force 
Hot  Day  and  Aircraft  Nonpressurized  Cruise 
Altitude  of  10,000  Feet. 
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GROSS  WEIGHT  (1000  LB) 


Figure  103.  Design  Point  IV  Sensitivity  of  Gross  Weight  to 
Sizing  at  Various  Dash  Speeds  and  Altitudes  for 
Air  Force  Hot  Day. 


Figure  104.  Design  Point  IV  Sensitivity  of  Aircraft  Weight, 
Mission  Fuel,  and  Installed  Shaft  Horsepower  to 
Mission  Radius  (Sheet  1  of  2) . 


236 


42 


3 

o 

o 

o 


38 

34 

30 

26 

22 

18 

14 


Figure  104.  Design  Point  IV  Sensitivity  of  Aircraft  Weight, 
Mission  Fuel,  and  Installed  Shaft  Horsepower  to 
Mission  Radius  (Sheet  2  of  2)  . 
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Figure  105.  Design  Point  IV  Sensitivity  of  Aircraft  Weight, 
Mission  Fuel,  and  Installed  Shaft  Horsepower  to 
Payload  (Sheet  1  of  2) . 
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Figure  105.  Design  Point  IV  Sensitivity  of  Aircraft  Weight, 
Mission  Fuel,  and  Installed  Shaft  Horsepower  to 
Payload  (Sheet  2  of  2) . 
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Figure  106.  Design  Point  IV  Sensitivity  of  Aircraft  Weight, 
Mission  Fuel,  and  Installed  Shaft  Horsepower  to 
Total  Mission  Hover  Time  (Sheet  2  of  2) . 
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GROSS  WEIGHT  (1000  LB) 


Figure  107.  Design  Point  IV  Sensitivity  of  Gross  Weight  to 
Hover  Altitude  and  Temperature  for  Disc  Loading 
of  16.0  psf. 
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SECTION  XII 


HEIGHT  PREDICTION  METHODOLOGY 


This  section  is  in  two  parts.  Yhe  first  part  presents  tne 
basic  weight  trend  irethodology,  the  increments  used  for 
special  features,  emd  the  1976  technology  reduction  factors 
used  to  justify  t!^e  weights  of  the  baseline  aircraft.  The 
second  part  describes  the  advanced  technology  that  may 
reasonably  be  expected  to  apply  to  aircraft  introduced  into 
seirvice  in  1976  and  in  1980.  Height  reduction  factors  are 
projected  from  early  1970  through  1980. 

1.  WEIGHT  JUSTIFICATION  FOR  BASELUE  AIRCRAFT  (1976  IOC) 
a.  Rotor  Group  (4,936  Pounds) 

The  rotor  group  trend  equation  is: 


=  2 

+  spinner 

(4) 

=  Ca 

(k) 

0.67 

(5) 

rg 

Ic 

=  (r) 

0.25  (HP  X  1.1)°’^  '^T  ^ 

PA^ 

(6) 

TIT 

where 

r 

S 

blade  attach  point  (ft) 

S 

1.42 

HP 

as 

Design  horsepower/rotor 

(hp) 

= 

6300 

Vt 

= 

Design  tip  speed  (fps) 

s 

r70 

P 

ss 

Solidity 

= 

0.100 

A 

n 

Disc  area  (sq  ft) 

s 

1,900 

D 

as 

Diameter  (ft) 

= 

49.2 

C 

s= 

Rotor  group  coefficient 

as 

14.2 

a 

a: 

Adjusting  factor  - 

= 

1.2 

blade  fold  penalty 

Figure  108  is 

the 

rotor  group  weight  trend 

curve.  For 

the  stowed-tilt-rotor  configuration  the  rotor  trend 
coefficient  of  14.2  reflects  a  four-bladed  rotor  with 
a  titanium  hub  and  S-glass  blades.  (The  coefficient 
for  a  similar  three-bladed  rotor  would  be  13.5.) 


The  stowed-tilt-rotor  blade  fold  penalty  is  20  percent 
of  the  total  rotor  and  blade  weight.  Direct  compari¬ 
son  and/or  projection  from  existing  designs  like  the 
CH-53A  or  the  CH-46  is  difficult  due  to  the  differ¬ 
ences  in  design  and  design  criteria.  Specifically,  the 
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Figure  108.  Rotor  Group  Weight  Trend. 
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CH-46  and  tihe  CH-53A  blade-fold  jnechani.ms  consist  of 
external  hydraulic  cylinders  mcunted  on  a  one-to-one 
basis  with  each  blade.  The  stowed-t  .It-ro'cr  design 
consists  of  an  internal  (inside  the  hub)  rotary 
actuator  which  is  linked  to  all  four  blades  through 
push-pull  rods  and  universal  joints  (See  Volume  II, 
Section  VI  for  a  more  complete  description) .  This 
latter  is  a  much  more  compact  design  which  has  the 
capability  of  exerting  high  forces  (233,000  in. -lb 
ultimate  torque  and  21,500  pounds  ultimate  tension 
per  blade) .  The  20-percent  weight  penalty  physically 
reflects  the  stowed-ti It- rotor  design  and  is  also  a 
measure  of  what  a  reasonable  weight  penalty  should  ] e 
for  the  given  design  criteria.  In  fact,  preliminary 
weight  calculations  show  that  the  blade  fold  mechanism, 
linkages,  and  locking  mechanism  (blades  deployed) 
weighs  very  close  to  the  20-percent  penalty  allotted. 

The  weight  of  the  rot'^r  group  iss 

Pounds 

Weight  of  Rotor  Group  2,440 

Weight  of  Spinner  (per  Aircraft)  300 

Total  1969  Rotor  Group  5,180 

For  1976  the  only  weight  improvements  considered  are 
in  the  blade  weight,  which  is  reduced  10  percent  to 
account  for  improved  and  refined  design,  boron/epoxy 
in  lieu  of  S-glass  and  improved  resin  strength.  The 
blade  weight  for  the  stowed-tilt-rotor  configuration 
is  equivalent  to  50  percent  rotor  group  weight. 
Therefore,  the  1976  rotor  group  weight  is: 


Pounds 

Hub  and  Fold  2,440 

Blades  (1976)  2,196 

Current  Blades  2,440 

1976  reduction  .90 

Spinner  300 

Total  1976  rotor  group  4,936 
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b. 


where 


Wing  Group 

(1)  Justification  I 


Wing  weights  are  derived  from  the  following 
equation: 

W^  *  220a (7) 

where: 


“w 

s 

Weight  of  wing  (lb) 

®w 

s 

Planfortn  area  of  wing  (sq  ft) 
(taken  from  ^  of  aircraft) 

s 

744  sq  ft 

b 

= 

Wing  span  (ft) 

= 

61.2 

B 

s 

Maximum  fuselage  width 
(rescue  ship)  (ft) 

s 

6.67 

X 

s 

Taper  ratio 

SI 

0.57 

N 

s 

Ultimate  load  factor 

- 

4.5 

Vd 

a; 

Dive  velocity  (kn) 

ss 

45? 

AR 

= 

Aspect  ratio 

= 

5.04 

kr 

s 

Wing  root  thickness  divided  by 
root  chord 

ss 

0.204 

Wx 

a; 

Gross  weight  less  tip  pod  and 
contents  (lb) 

ss 

52,142 

% 

= 

Relief  term 

a: 

1.0 

a 

Adjusting  factor 

a; 

1 

The  equation  shown  above  and  previously  in 
Figure  109  was  derived  for  a  conventional  wing 
designed  by  airloads  resulting  from  forward 
flight,  whereas  the  stowed-tilt-rotor  configura¬ 
tion  wing  design  requirements  stem  from  vertical 


* 
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flight  and  from  transition  nodes.  Htiirever,  since 
the  term  ffx*'  is  a  parameter  which  indicates 
the  magr.itude  of  the  resultant  wing  shear  and 
bending  loads,  relative  to  the  location  of  the 
semi-span  center-cf-lift  in  forwfurd  flight,  the 
above  wing  weight  equation  can  still  be  used 
for  the  stowed-tilt-rotor  configuration  wing  if 
"Pra  Wx"  is  reinterpreted  by  locating  the  center- 
of-lift  at  the  thrust  line  of  the  rotor.  Then  Wx 
is  defined  as: 

Wx  =  Gross  weight  less  the  weight  of  the 
tip  pods  and  contents  =  52,142 

pounds 

and 

■V  -  i-o 

^n  addition,  a  penalty  of  one  percent  of  gross 
weight  is  tedcen  in  the  wing  group  to  account  for 
the  wing  tip  pod  attachments.  The  weight  of 
the  wing  group  is: 


Pounds 

Weight  of  Wing 

6,060 

Tip  Attachments 

670 

Total  1969  Wing  Group 

6,730 

1976  Reduction 

0.85 

Total  1976  Wing  Group 

5,710 

(2)  Justification  Method  II 

The  1969  wing  weight  of  6,060  pounds  (less  tip 
attachment)  is  further  verified  by  the  "simpli¬ 
fied  bending  moment"  method.  This  method 
derives  the  weight  of  the  wing  torque  box  to  which 
is  added  the  estimated  weights  of  the  leading 
and  trailing  edges  (moving  surfaces)  and  tip 
fitting  for  total  wing  group  weight.  The  method 
is  as  follows: 
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(p)  (EV) (kj) (kj) {k3) 


w 

Torque  box 

where  EV  »  Material  volume  of  box 

required  due  to  bending 

p  s  Density  aluminum  =  0.10 

k^  =  Fatigue  factor  =  1.10 

k2  =  Shear  and  bending  factor  =  1,38 

k3  =  Non-optimum,  rib,  fitting  =  1.67 

factor 

EV  is  determined  by  using  the  bending  moment 
curve  shown  in  Figure  110  and  correcting  for  the 
high  shear  and  torsional  loads  at  the  tip.  The 
resultant  torque  box  weight  is  4,900  pounds. 

Then: 

Pounds 

Torque  Box  4,900 

Leading  and  Trailing  Edges  1,100 

Leading  Edge  (including 

moving  surfaces)  115  square 


feet  X  4  psf 

460 

Trailing  Edge  (including 

moving  surfaces)  220  square 

feet  X  3.75  psf 

825 

Total 

1,285 

Composite  delta 

0.85 

1,100 

Total  1969  Wing  Weight 

6 

,000 

The  wing  weight  by  this  method 

is  6,000 

pounds 

which  compares  with  6,060  pounds  from  the  first 
method . 

(3)  Justification  Method  III 

The  third  method  of  wing  weight  justification  is 
a  "rough"  weight  calculation  of  the  wing  from 
preliminary  drawings.  The  torque-box  spar 
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caps,  stringers,  webs,  and  skins  of  these  draw- 
irgs  have  been  strcssec-checked  to  available 
leads.  Figure  111  shows  the  resultant  pound/ 
spa'.iWise  inch-plot  of  this  torque  box  and 
includes  the  items  mentioned  above.  This 
"sttessed"  %feight  is  3.826  pounds  which  does  not 
include  ribs,  major  splices,  cut-outs  or  hardware. 
The  following  itemizes  the  remainder  of  the  wing: 

Pounds 


Torque  box 

3,826 

Ribs 

455 

Splice  (wing  station  150) 

250 

Hardware  (10  percent  TB) 

382 

Total  weight 

4,913 

Leading  and  trailing  edges 

1,100 

Total  wing  weight 

6,013 

In  summary,  the  first  method  yields  a  total  1969 
wing  group  weight  of  6,730  pounds;  the  second, 
6,670  pounds;  and  the  third,  6,683  pounds. 

c.  Tail  Group 

The  tail  group  weights  are  derived  from  the  following 
trends : 

(1)  Horizontal  Tail 
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TOTAL  WEIGHT  UNDER  CURVE  (X2) 
EQUALS  3826  POl^NDS . 

WEIGHT  DOES  NOT  INCLUDE;  RIBS 
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-Rotor  Torque  Box  Weight  Density 


(2)  Vertical  Tail 


380 


(9) 


where 


Horizontal  Vertical 

where: 


''g 

= 

Design  gross  weight  (lb) 

67,000 

k 

y 

s 

Pitch  ratius  of  gyration  (ft) 

10.8 

k 

z 

:s 

Yaw  radius  of  gyration  (ft) 

17.0 

b 

a 

Tail  span  (ft) 

28.2 

12.4 

= 

0.33 

0.535 

S 

s 

Planform  area  (sg  ft) 

199 

154 

F 

= 

Tail  load  parameter 

a 

Dive  velocity  (kn) 

457 

457 

TMA 

a 

Tail  moment  arm  (measured  from  wing 
1/4  chord  to  tail  1/4  chord)  (ft) 

34.5 

26.0 

t 

a 

Root  thickness  (ft) 

1.59 

2.26 

a 

Height  of  horizontal  tail  attach¬ 
ment  to  vertical  tail  (measured  from 
root  of  vertical  tail)  (ft) 

12.4 

H 

a 

Subscript  H  denotes  horizontal  tail 

V 

a 

Subscript  v  denotes  vertical  tail 

k_T 

TL 

a 

Tail  load  factor 
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ST 


where 


Figures  112  and  113  show  the  horizontal  and 
vertical  tail  trends  with  the  1969  weights 
plotted.  The  following  chart  shows  the  results 
of  the  calculation: 


Height  in  Pounds 


Item 

Horizontal 

Vertical  Total 

Total  1969  Tail  Group 

584 

584 

1168 

1976  Reduction 

0.85 

0.85 

- 

TOTAL  1976  Tail  Group 

491 

491 

982 

Body  Group  (Transport- 5, 9 80 

lbs ;  Rescue-3 f  250 

lbs) 

(1)  Body 

The  weight  of  the  primary  body  group  structure  is 
determined  frcan  the  following  equation: 

WggQ  =  280  (10) 

where 

=(^) 

(AP  +  1)®*^  Nk 


Rescue  Transport 


^BBG 

= 

Weight  of  primary  structure 

'"x 

Weight  of  fuselage  and 
contents  (including 
empennage)  (lb) 

22,967 

26,341 

Sf 

= 

Wetted  area  of  fuselage 
(sq  ft) 

1,300 

1,761 

^f 

= 

Length  of  fuselage  (ft) 

59.5 

60 

^RW 

= 

Length  of  rampwell  (ft) 

0 

8.3 

= 

Dive  velocity  (kn) 

457 

457 

AP 

Limit  differential  cabin 
pressure 

5.45 

0 

N 

= 

Ultimate  load  factor 

4.5 

4.5 

k 

= 

Load  density  versus  length 
ration 

0.2 

0.2 
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Figure  112.  Horizontal  Tail  Weight. 


Figure 


To  the  weight  of  the  prinary  structure  increments 
are  then  added  in  the  we.^ghts  for  the  floors,  ramps, 
doors,  etc.  Figure  114  rhows  the  primary  structure 
trend  with  the  1969  body  weight  plotted.  Table  XXX 
shows  the  details  of  the  body  group  calculation, 
including  the  cargo  loading  system. 

TABLE  XXX.  RESULTS  OF  CALCULATIONS  AND  DENSITIES 
USED  FOR  SEJONDARY  STRUCTURE 


Item 

Den.' .  ity 
(psf) 

Transport 
Area  Weight 
(sq  ft)  (lb) 

Rescue 

Area  Weight 
(sq  ft)  (lb) 

Primary  structure 

2,670 

2,500 

Floors:  Rescue 

2.0 

100 

POO 

Transport 

4.5 

232 

1,040 

Flight  deck 

1.5 

26 

40 

34 

51 

Ramp 

8.0 

65 

520 

- 

- 

Ramp  extensions 

6.0 

13 

78 

- 

- 

Clamshell  doors 

4.5 

150 

675 

35 

156 

Doors 

5.0 

31 

155 

31 

155 

Windshield 

175 

350* 

Windows 

200 

200 

Radome 

100 

100 

Miscellaneous  (10 

298 

121 

percent) 

Total  1969  Body  Group 

5,951 

3,833 

1976  Reduction 

0.85 

0.85 

Total  1976  Body  Weight 

5,060 

3,250 

463L  Loading  System 

920 

Total  1976  Body  Group 

5,980 

3,250 

♦Bubble  Type  Canopy 
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(2) 


Cargo  Loading 


The  46 3L  c£u:go  loading  system  is  based  on  informal 
tion  received  from  Brooks  and  Perkin  Company  for 
a  proposed  463L  cargo  loading  system  for  the  CH-47 
{Table  XXXI) . 


TABLE  XXXI.  46 3L  CARGO  LOADING  SYSTEM  INFORMATION 
(Brooks  and  Perkin  Company) 


Length 

sassB^^^BBSSBBasssassssssia 

Density 

Weight 

Item 

(ft) 

Quantity 

(Ib-ft) 

(lb) 

CABIN 

Side  rails 

29 

2 

1.3 

76 

Roller  trays 

29 

4 

1.05 

122 

Roller  assembly 

140 

0.5  (lb  ea) 

70 

Teeter  rollers 

8 

Pallet  Locks 

16 

6.5  (lb  ea) 

104 

Master  control 

8 

Winch  -  KCU-9JA 

289 

Miscellcineous 

hardware 

34 

Crash  barrier  net 

100 

Total  Cabin 

811 

RAMP 

Side  rails 

10.  a 

2 

1.3 

28 

Roller  trays 

10.8 

4 

1.05 

46 

Roller  assembly 

58 

0.5  (lb  ea) 

29 

Miscellaneous 

hardware 

6 

Total  ramp 

109 

Total  463L  System  Weight 

920 

e.  Alighting  Gear  (Rescue;  2,385  pounds;  Transport: 

3,195  pounds) 

The  weight  of  the  alighting  gear  is  determined  by 
taking  a  percentage  of  design  gross  weight.  For  the 
rescue  aircraft  which  has  a  tandem  wheel  arrangement, 
this  percentage  is  3.6  percent,  typical  of  vertical 
takeoff  and  landing  aircraft.  For  the  transport,  the 
landing  gear  criteria  is  the  same  as  that  of  the  LIT 
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transport  with  the  exception  of  the  nuaiber  of  landing 
passes  vdiich  is  reduced  to  75  from  the  LIT's  200. 
However,  rough  field  conditions  are  the  critical 
design  criteria  and  no  reduction  is  taken  from  the  LIT 
landing  gear  percentage  of  5.3  percent  of  design  gross 
weight.  Table  XXXII  lists  various  aircraft  and  their 
landing  gear/gross  weight  ratios. 

For  the  sake  of  commonality,  the  rescue  aircraft  will 
share  the  same  nose  gear  as  the  transport.  The  nose 
gear  weight  is  approximately  20  percent  of  the  total 
gear  weight.  The  landing  gear  weight  of  the  two 
aircraft  is  therefore: 


Weight  in  Pounds 
Rescue  Transport 


Gross  Weight 

Landing  Gear  Weight 

Nose  Gear:  Transport  710 
Rescue  485 
Increment  225 

Revised  1969  Landing  Gear 

1976  Reduction 

Total  1976  Landing  Gear 


67,000 

2,425 


2,650 

0.90 

2,385 


67,000 

3,550 


3,550 

0.90 

3,195 


TABLE  XXXII.  SUMMARY  OF  LOTING  GEAR  WEIGHT  IN  PERCENT  OP 
GROSS  WEIGHT  FOR  V/STOL  AIRCRAFT 


Helicopters 

Gross  Weight 
(percent) 

Airplane 

Gross  Weight 
(percent) 

CH-46A 

3.1 

Bell  XV-3 

3.1 

CH-46D 

2.8 

XC142A 

3.2 

CH-46E 

3.1 

Bell  266 

3.6 

CH-47 

3.4 

CH-47C 

3.3 

DeHavilland* 

CH-3C 

3.4 

DHC-5 

4.2 

CH-53A 

2.9 

Breguet.  941S* 

4.5 

CH-54 

4.7 

DeHavilland* 

CH-54A 

4.7 

DHC 

5.4 

107-2 

3.1 

C130* 

4.1 

AH-56A 

3.6 

C123 

4.3 

HH-52A 

5.9 

Hur-2 

3.2 

UH-34D 

3.7 

SH-3A 

4.2 

H-21C 

3.6 

*Rough  Field  Requirements 
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•  Flight  Controls 

Height  of  the  flight  controls  is  determined  by  the 
following  equations: 


Cockpit 

o 

It 

26  m 

10-^ 

(11) 

Upper  Controls 

It 

<"Xtotal>  '12) 

Hydraulics 

II 

total^ 
— m~j 

)  0 . 84 

1  (13) 

Fixed  Wing 
Controls 

II 

0.10  (GW) 

(14) 

SAS 

= 

175 

Tilt  Mechanism 

= 

0.015  (GW) 

The  weights  are: 

Item 

1969 

Weight 

(lb) 

1976 

Reduction 

1976  Total 
Weight 
(lb) 

Cockpit 

137 

0.75* 

103 

Upper  Controls 

1,500 

0.90 

1,350 

Hydraulics 

667 

0.75* 

500 

Fixed  Wing 

670 

0.75* 

502 

SAS 

175 

0.75* 

131 

Tilt  Mechanism 

1,050 

1,050 

Total 

4,199 

3,636 

(*Fly-by-wire) 

g.  Engine  Section  (1,250  pounds) 

The  engine-section  fairing  is  in  three  sections;  an 
engine  fairing  (inner  pod) ,  a  fan  shroud,  and  an 
extended  fan  shroud  (outer  pod) .  The  extended  fan 
shroud  is  a  drag-reducing  fairing  which  runs  aft  of 
the  fan  section  to  the  end  of  the  engine  section. 
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Weight  of  the  engine  fairing  and  the  extended  fan 
shroud  is  contained  in  this  section.  The  weight  of 
the  fan  shroud  proper  is  included  with  the  fan 
installation. 


Item 

Unit 
Area 
(sq  ft) 

Qty 

Density 

(psf) 

Weight 

(lb) 

Engine  Fairing 

123 

2 

2.25 

554 

Extended  Fan  Shroud 

203 

2 

2.25 

916 

Total  1969  Engine 

Section 

1,470 

1976  Reduction 

0.85 

Total  1676  Engine 

Section 

1,250 

h.  Tip  Pod  (1,811  Pounds) 

The  tip  pod  weight  is  determined  in  a  similar  manner 
to  the  engine  section.  However,  the  area  density  for 
the  tilting  section  of  the  tip  poo  is  4  psf.  This 
density  includes  both  the  surface  fairing  and  the  trans¬ 
mission  support  structure.  It  is  determined  from  in- 
house  studies  of  similar  type  tilting  rotor  nacelles. 


Unit 

Total 

Area 

Density 

Weight 

Item 

(sq  ft) 

Qty 

(psf) 

(lb) 

Tilting  Section 

137 

2 

4 

1,100 

Fixed  Section 

257 

2 

2 

1,030 

Total  1969  Weight 

2,130 

1976  Reduction 

0.85 

Total  1976  Weight 

1,811 

i.  Engines  (4)  (2,134  Pounds) 

Engine  weight  is  determined  from  statistical  engine 
cycle  data.  The  weight  of  a  variable  exhaust  nozzle 
is  included  in  the  engine  weight. 


Pounds 

Total  1969  Engine  Weight  2,510 
1976  Reduction  0.85 
Total  1976  Engine  Weight  2,134 


* 
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j.  Engine  Accessories  (596  Pounds) 

The  1969  engine  accessories  weight  is  taken  as  25 
percent  of  engine  weight.  This  is  distributed  as: 

Pounds 


Air  Induction  (including  FOS) 

360 

Cooling  (drain  lines) 

15 

Lubricants 

30 

Engine  controls 

85 

Starting  System 

148 

Total  1969  accessories 

ni’ 

For  1976,  the  engine  controls  are  reduced  50  percent 
for  fly-by-wire . 

Total  1976  accessories  596 


k.  Fuel  System  (2,439  Pounds) 

The  weight  of  the  fuel  system  (3490  gallon  capacity)  is 
taken  as  0.775  pound/gallon  of  fuel.  This  includes 
nitrogen  gas  inerting,  plumbing,  pumps,  and  100 -percent 


.50 -caliber  self-sealing. 

Total  1969  Fuel  System  Pounds 

3490  gallon  x  0.775  pound/gallon  2,620 

1976  Reduction  0.85 

Total  1976  Fuel  System  2,489 


1.  Drive  System  (4,485  Pounds) 


The  weight  of  the  drive  system  is  determined  by 
estimating  each  individual  gear  section,  such  as  a 
bull  gear  or  planetary  set,  and  then  adding  in  required 
penalties.  The  weight  of  the  individual  gear  sections 
is  derived  from  the  following  equation: 


•.»  ■  ■»(“) 


(15) 


where 


W 


Box 


Q 


P 


Weight  of  the  individual  gear  (pounds) 

Non-dimensional  weight  factor-  for  gear 
set  or  planetary  stage 

Design  horsepower 
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U  =  Function  (or  use)  factor 
A  =  Gear  box  support  factor 

N  =  Rpm 

S  =  Hertz  stress  factor 

3  =  Bearing  support  factor 

The  parcuneters  used  in  this  trend  have  been  adjusted  so 
that  the  resultant  estimated  weight  accurately  reflects 
the  helijet  drive  system  configuration.  Adjustment  of 
the  parameters  is  based  on  previous  tilt  rotor/nacelle 
drive  system  studies  and  on  the  stowed- tilt” rotor 
configuration  drawings  themselves.  Figure  115  shows 
the  trend  and  the  following  chart  summarizes  the  weight 
of  the  drive  system  and  penalties. 


6 

Item 

Unit 

Weight 

(lb) 

Qty 

Total 

Weight 

(lb) 

Wing 

bevel  gear  tox 

271 

2 

543 

Wing 

tip  gear  box 

283 

X 

566 

Main 

gear  box 

1,503 

2 

3,006 

spur  set  244 
1st  stage  planet  233 
2nd  stage  991 
accessories  35 


Lubrication  517 

Shafting 

tip  pod  57  2  115 

wing  400 

Main  bearing  housing  250 

Rotor  brake  50 

Total  1969  drive  system  5,447 

19'’6  Reduction  0.825 


Total  1976  Drive  System 


4,485 
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Figure  115.  Gearbox  Weight 


ni.  Fan  Installation  (2,284  Pounds) 

The  fan  installation  includes  the  cruise  fan,  the  fan 
shroud,  and  the  fan  drive  system.  The  basic  wei^it  of 
the  fan  is  derived  from  manufacturer's  data  and 
represents  a  typical  metal~bl2ided  cruise  fan.  This 
weight  is  reduced  25  percent  to  represent  early  1970 
advanced  technology  (such  as  Rolls-Royce  Hyfili)  in  the 
fan  blades  ai^  inlet  guide  vanes .  A  weight ,  gas 
generator  airflow,  and  bypass  ratio  "ceuTpet-plot*  is 
shown  in  Figure  116.  The  fan  drive  system  is  derived 
by  the  same  methods  as  the  rotor  drive  systcsn.  Heights 
are  itonized  below: 


Fan  and  Fan  Shroud  Pounds 

Light  alloy  fan  and  shroud  (2)  870 

Current  composite  technology  0.75 

Total  early  1970  fan  weight  652 

1976  Reduction  0.85 

Total  19^76  Fan  Height  574 

FAN  DRIVE  SYSTEM  HEIGHTS 

Unit  Total 


Item  (lb)  Qty  (lb) 

Combining  box  856  2  1,712 

engine  input  (2)  114 

bull  ge2ur  115 

star  planetary  222 

bevel  output  261 

accessories  35 

fan  jaw  clutch  56 

rotor  jaw  clutch  53 


Lubrication 

174 

Shafting 

94 

2  188 

pylon 

46 

engine  (2) 

48 

Total  1969  fan 

drive 

2,074 

1976  reduction 

0.825 

Total  1976  Fan 

Drive 

1,710 

Total  1976  Fan 

and  Shroud 

574 

Total  1976  Fan 

Installation 

2,284 
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AND  NACELLE  WEIGHT  (LB) 


n.  Fixed  Equipn^nt  (Rescue:  6,960  pounds.  Transport: 

4,678  pounds) 

Ttie  fixed  equipment  weights  for  the  baseline  aircraft 
2u:e  distributed  and  itemized  In  Table  X3KIII. 

With  the  exception  of  the  transport,  these  fixed  equip¬ 
ment  weights  are  unchanged  from  the  midtem.  The 
transport  furnishings  group  has  been  increased  by  318 
pounds  to  account  for  44  troop  seats. 

Fixed  equipment  will  be  revised  in  the  next  phase. 

2.  ADVANCED  TECHMOLOGY 

The  field  of  advanced  materials  and  structures  technology 
has  adv£uiced  more  rapidly  than  envisioned  five  or  ten 
years  ago.  There  has  been  an  increuing  demand  for  new 
materials  wirh  higher  strength-to-weight  ratios,  higher 
tesperature  capability,  increased  corrosion  resistance,  £md 
inq>roved  fatigue  properties.  References  8  through  11  were 
used  in  this  advanced  technology  assessment. 

a.  Metals 

However,  the  search  for  improved  metals  has  not  resulted 
in  any  quantum  jumps  in  metal  properties.  Through  the 
past  decade  aircraft  metals  have  exhibited  a  slow 
evolutionary  development  uid  while  dramatic  new 
improvements  (e.g.,  500  ksi  UTS  steel  has  been  attained 
in  the  laboratory)  have  been  made.  It  is  li)cely  that 
the  metals  as  used  in  aerospace  will  continue  in  the 
same  evolutionary  manner  as  illustrated  in  Figures 
117,  118,  119,  and  120. 

b.  Processes 

Mew  processes  and  manufacturing  techniques  have  also 
been  developed.  These  include  new  alloy  treatments  for 
increased  hardness  (gear  teeth)  and  better  welds,  high 
energy-rate  forgings  (large,  almost  perfect  net 
forging  dimensions) ,  solid-state  diffusion  bonding 
coupled  with  improved  bond/weld  testing  techniques 
(elimination  of  splices,  seams,  material  buildup, 
and  hardware) ,  and  advanced  adhesives  (few  rivets, 
bolts ,  less  material  buildup) . 

c.  Composites 

While  metals  have  evolved  on  an  evolutionary  basis ,  in 
the  field  of  composites  we  are  on  the  threshold  of  a 
radical  breakthrough  in  structural  design  and  weight 


p 
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TABLE  XXXIIT.  BASELINE  AIRCRAFT  FIXED  EQUIPMENT  WEIGHTS 


Item 

Rescue 

(lb) 

Transport 

(lb) 

Auxiliary  Power  Plant 

182 

182 

Instnunents  and  Navigation 

400 

400 

Flight 

80 

Engine 

190 

Drive 

50 

Hydraulic 

25 

Advisory  panels 

30 

Miscellaneous 

25 

Hydraulic 

292 

292 

Electrical 

775 

775 

Alternating  Current 

490 

Direct  Current 

285 

Electronics 

1,500 

950 

Communications 

135 

135 

Countermeasures 

55 

55 

Ground  fire  detection 

14 

14 

LLLTV 

338 

Radio  Navigation 

180 

230 

Crash  beacon 

70 

70 

Self-contained  navigation 

260 

260 

Stationkeeping 

75 

Terrain  radar 

260 

Loud  hailer 

95 

Miscellaneous  shelving  and 

93 

111 

installation 

Armament 

2,000 

50 

Mini-guns 

360 

Armor 

crew 

500 

aircraft 

1, 

,140 

Provisions 

50 

Furnishings  and  Equipment 

1,152 

1,470 

Personal  accommodations 

310 

628 

Miscellaneous  equipment 

110 

110 

Furnishings 

517 

517 

Emergency 

215 

215 

Air  Conditioning  and  Anti- 

519 

519 

Icing 

Air  conditioning 

225 

Anti- Icing 

294 

Auxiliary  Gear 

140 

40 

Aircraft  handling 

40 

40 

Rescue  hoist 

100 

Capsule  hoist 

ULTIMATE  TENSILE  STRENGTH  (KSI) 
DENSITY  (LB/CU-IN.) 


COMPRESSIVE  STRENGTH  (KSI) 
DENSITY  (LB/CU-IN.) 


Figure  118.  Material  Compressive  Strength  to  Density  Trend. 


MODULUS  OF  ELASTICITY  (KSI) /DENSITY  (LB.  PER  IN 


Figure  120.  Material  Stiffness  to  Density  Trend. 
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improvements r  particularly  in  conjunction  with  the 
development  of  manufacturing  techniques  such  as 
automatic  tape  lay-up  machines.  A  brief  material 
property  sunsnary  is  shown  in  TeUale  XXXIV,  which 
compares  a  few  of  the  advanced  alloys,  conq>osites, 
and  present  materials  that  are  now  availcdsle. 

Structural  design  and  manufacturing  with  the  composites 
has  numerous  problems,  most  of  them  being  associated 
with  the  composite  being  physically  and  structurally 
two-dimensional.  (Tape  shape  emd  basic  load-carrying 
direction  is  that  of  the  filament  axial  alignment.) 
Despite  these  problems,  subst£mtial  effort  is  going 
into  integration  of  these  composite  tapes  into 
structural  design.  Table  XXXV  summarizes  some  of 
the  current  aerospace  investigations  into  composites. 

d.  Metal  Matrices 


Further  down  the  path  of  general  aerospace  application, 
but  also  of  the  greatest  promise  in  terms  of  improved 
strengths,  are  the  metal  matrix  filament  reinforced 
composites  otherwise  known  as  "whisker"  matrices. 

These  "whisker"  matrices  are  vastly  superior  to  the 
current  resin  matrix  condos ites  for  the  following 
reasons: 

(1)  The  metal  matrix  is  capable  of  protecting  the 
enclosed  filaments  from  hostile  environment  such 
as  corrosion  or  high  temperature,  whereas  the 
resin  matrix  is  not. 

(2)  Due  to  the  plastic  flow  of  metal,  the  metal  matrix 
is  superior  to  the  resin  in  transferring  load  to 
the  enclosed  filaments. 

As  a  result,  usable  values  approaching  what  is  termed 
the  "theoretical  maximum"  strength  of  the  filaments  may 
be  obtained.  A  comparison  of  these  "theoretical 
maximum"  and  current  strength  values  is  shown  in 
Figure  121.  Unfortunately,  "whisker"  matrices  are 
basically  still  in  the  laboratory  stage  although  some 
limited  use  is  being  found  in  turbine  blades  (Pratt 
and  Whitney  Aircraft) .  However,  the  great  potential 
involved  would  indicate  that  "whisker"  matrices  would 
be  in  some  sort  of  general  use  by  1980. 

3.  WEIGHT  IMPROVEMENT 

With  respect  to  the  above  discussion  it  is  possible  to 
assert  specifi  ;  weight  reduction  values  through  the 
next  decade. 
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*0°  Unidirectional  Fiber 
**  %  Fiber  Volume 


TABLE  XXXV.  SUMMARY  OF  S(»(E  CURRENT  AEROSPACE  COMPOSITE 
WEIGHT  INVESTIGATIONS 


Company 

Component 

Aircraft 

Description 

Weight 

Saving 

(Percent) 

Boeing 

Floor  Be£un 

707 

Caps:  Boron/Titaniua  Sandwich 

40 

(Commercial) 

747 

Webs:  Titan  Skin/Aluminum 
HoneycoBib 

34 

Fore flap 

707 

Boron/Epoxy  Skins,  Aluminum 
Honeycomb  Titanium  Fittings 

25 

Spoiler 

737 

Boron/Epoxy  X-Ply  Skins, 
Aluminum  Honeycomb,  Titanium 
Spar  Moulded  Boron  Fittings 

37 

Lockheed 

Slat 

C5A 

Boron,  Aluminum,  Fiberglass 

20 

McDonnell 

Rudder 

F-4 

Boron/Epoxy 

NA 

Gen  Dynamics 

Horizontal 

Stabilizer 

F-111 

Boron/Epoxy,  Honeycomb 

30 

Convair 

Bulkhead 

F-106 

Aluminiun/Boron  Caps  Over 
Titanium  Carrier 

43 

Pratt  and 

Turbine 

JT-8D 

Boron  Nhisker/Aluminum  Matrix 

38 

Whitney 

Blade 

Eno 

Coated  with  Silicon  Ceurbide 

BAC 

Aileron 

Actuator 

Strut 

VC -10 

Carbon  Filament 

33 

Boeing  Vertol 

Cockpit 

Structure 

Fuselage 

CH-47A 

CH-4S 

Boron  Epoxy 

Boron  Epoxy 

29-39 

29-39 

Structure 

CH-47 

Boron  Epoxy 

11 

Boeing 

(Commercial) 

Body 

747 

Boron  Epoxy 

7 

Grumman 

Wing 

Torque 

Box 

F-14 

Boron/Epoxy  Skins  on  Honeycomb 
Core  Titanium  Spars 

30 

North  American 
Rockwell 

Structure, 
Props , 
Landing 
Gear 

Components 

OV-lOA 

Boron  Epoxy 

16 
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NOTE; 

The  THEORY  AND  PERFORMANCE  of  the  materials  are  contrasted. 
Each  set  of  bars  shows,  from  left  to  right,  the 
theoretical  strength  of  the  material,  the  strength 
achieved  experimentally  with  fibers,  and  the  highest 
observed  strength  of  large  pieces  of  the  material. 

In  the  case  of  aluminum,  the  middle  bar  refers  to  the 
strength  achieved  with  aluminum  wire. 


Figure  121.  Comparison  of  Theoretical  and  Actual  Tensile 
Strength  of  Materials. 
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a.  Airframe 


Reductions  in  airframe  structural  weight  will  apply  to 
the  stowed-tilt-rotor  wing,  tail,  body,  engine  section 
and  tip  pod.  The  starting  point  of  a  ISTO-ISSO  weight 
reduction  projection  is  represented  by  the  existing 
component  studies  as  summarized  in  Table  XXXV.  These 
studies  generally  represent  "substitution"  techniques; 
i.e.,  the  structural  design  and  manufacturing  remains 
essentially  of  conventional  nature  except  that  boron/ 
epoxy  replaces  aluminum  metal.  A  group  weight  reduction 
value  of  10  percent  can  be  initially  placed  on  this 
type  of  composite  usage. 

For  1976,  an  accumulative  reduction  value  of  15  per¬ 
cent  may  be  used.  This  will  be  meant  to  include 
advanced  designs  and  manufacturing  methods  (small- 
scale  automatic  tape  layup  machines)  more  compatible 
with  the  physical  properties  of  the  filament/resin 
composite. 

By  1980,  maximum  integration  of  design  concept  and 
manufacturing  equiE»nent  is  likely  to  be  the  deciding 
factor.  This  includes  large  scale  tape  layup  machines 
and  design  concepts  that  are  of  the  maximum  compati¬ 
bility  with  the  filament/resin  composites.  Designs 
will  include  semi-integral  and  integral  frames  and 
ribs.  The  composites  themselves  will  be  substantially 
stronger  than  present  composites  due  to  improved 
resin  properties.  An  evolutionary  20-percent  reduction 
factor  will  be  used  for  this  time  period. 

b.  Dynamic  Structures 

During  the  next  decade  the  materials  most  directly 
applicable  to  weight  improvements  in  gears,  rotor  hubs, 
cuid  landing  gear  struts  are  improved  alloys  such  as 
D6AC  steel  and  Ti-6AL-6V-25N  titanium.  Advanced 
materials  such  as  moulded  boron/epoxy  can  be  utilized 
in  gear  box  housings,  while  laminated  boron/epoxy 
is  already  being  applied  to  rotor  blades. 

(1)  Drive  Systems 

In  the  gear  boxes,  improved  steels  (such  as 
VASCO  X2) ,  will  allow  a  projected  increased  Hertz 
stress  of  19  percent.  This  is  equivalent  to  a 
theoretical  ].4  percent  decrease  in  gear  box 
weight.  Moulded  boron/epoxy  gear  box  housings, 
proven  fluorosilicon  lubricants  (Figure  122) , 
higher  gear  contact  ratios  and  improved  gear  tooth 
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LOAD-TEMPERATURE- 
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THE  INITIAL  MAXIMUM  VALUES 
TAKEN  WERE  AS  FOLLOV7S : 
TEMPERATURE  =  700®F, 

LIFE  =  1,000  HOURS, 

LOAD  =  200,000  PSI . 


1970  1975  1980  1985  1 
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Figure  122.  Projected  Design  Usefulness  of  Lxibricants. 
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foncs  will  all  confine  for  a  total  drive  system 
reduction  of  17.5  percent  in  1976.  In  1980 
nitrided  D6AC  (currently  used  in  ball  screw 
actuator  gear  boxes  -  Hertz  stress  value  at 
350,000  psi)  will  be  applicable  in  large  gear 
boxes.  Assuming  the  Hertz  stress  taken  is 
300,000  psi  the  equivalent  weight  reduction  is  25 
percent.  A  total  evolutionary  value  of  22.5 
percent  will  be  used  for  the  1980  time  period. 

(2)  Rotor  Group 

The  proposed  stowed-tilt^rotor  designs  include  the 
use  of  titanium  in  the  rotor  hub  and  S-glass/epoxy 
in  the  rotor  blades.  For  1976  the  only  proposed 
weight  reduction  is  the  use  of  improved  resins, 
boron  in  lieu  of  S-glass,  and  filament  reinforced 
root-end  fittings  to  decrease  the  rotor  group 
blade  weight  a  total  of  10  percent.  For  1980, 
improved  higher  strength  titanium  will  reduce  the 
hub  weight  10  percent.  Refined  design  and  still 
better  resins  will  reduce  blade  weight  an  addi¬ 
tional  5  percent  from  1976. 

(3)  Alighting  Gear 

For  the  landing  gear  the  use  of  high  strength  steel 
such  as  D6AC  will  affect  approximately  30  percent 
of  the  landing  gear  group.  This  will  result  in  a 
10  percent  decrease  in  group  weight  for  1976. 

For  1980  the  alighting  gear  is  considered  a  prime 
area  for  irstal  matrix  application.  Ibi  additional 
5  percent  reduction  over  1976  will  be  taken. 

c.  Propulsion  Systems 

Powerplant  power  and  thrust-to-weight  ratios  will  con¬ 
tinue  to  improve  due  to  higher  turbine  inlet  tempera¬ 
tures  and  higher  bypass  ratios  (Figures  123  and  124) . 
More  important  will  be  the  continuing  development  of 
advanced  fan  and  compressor  blade  materials  such  as 
Rolls-Royce's  present  "Hyfill"  or  Pratt  and  Whitney's 
boron  "whisker"/aluminvim  matrix  material.  As  a  result 
of  these  current  efforts,  propulsion  studies  project 
a  total  power-to-weight-ratio  improvement  of  22 
percent  for  1976.  A  more  conservative  value  of  15 
percent  weight  reduction  will  be  taken  for  the 
proposed  stowed-tilt-rotor  in  both  engines  and  fan. 

In  1980,  the  power-to-weight-ratio  improvement  is  32 
percent.  A  weight  reduction  value  of  25  percent  will 
be  taken  for  this  later  time. 
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d.  Subsystems 

(1)  Fli^t  Controls  and  Engine  Controls 

The  flight  controls  and  engine  controls  groups 
offer  promising  areas  for  weight  improvements  with 
the  utilization  of  "fly-by-wire".  Previously, 
confidence  in  "fly-by-wire"  system  reliability 
was  the  main  deter ent  to  such  installations  since 
effective  and  reliable  transducers  and  "black 
boxes"  ware  not  attainable.  However,  the 
increasing  use  (Figure  125)  of  integrated  circuits, 
together  with  their  decreasing  costs,  makes  "fly¬ 
by-wire"  electronic  reliability  easily  attainable, 
(Figures  126,  127  and  128).  Also,  the  low 
weight  of  integrated  circuit  design  makes  dupli¬ 
cation  or  triplication  of  key  components  more 
and  more  feasible.  A  recent  (June  1967)  study  by 
the  Air  Force*  of  the  B-52H,  F-111,  and  the  CH-46 
indicates  an  average  50-percent  saving  in  pitch, 
yaw,  and  roll  subsystems.  For  conservatism  a 
weight  reduction  of  25  percent  will  be  taken  for 
the  proposed  stowed-tilt-rotor  baseline  aircraft. 
This  only  pertains  to  point-to-point  flight 
control  linkages,  but  includes  complete  use  of 
electronics  for  flight  data  inputs,  summing,  and 
outputs.  Redundant  installations  are  also 
included . 

In  the  upper  controls,  advanced  materials  will  be 
assumed  to  produce  a  10 -percent  reduction  in 
component  weight. 

e.  Instruments  -  Electrical  and  Electronic 


Improved  and  advanced  design  of  integrated  circuits 
will  all  yield  significant  weight  volume  and  power 
improvements  in  these  groups.  At  the  same  time  the 
military  trend  of  increasing  requirements  for  more 
cockpit  displays,  built-in  test  equipment,  higher 
reliability,  easier  maintenance  and  increasing  func¬ 
tional  capability.  Figure  129,  will  tend  to  negate 
actual  weight  improvements.  Accordingly,  while  actual 
component  weight  decreases  are  expected,  no  group 
weight  reductions  are  projected  for  1976  or  1980. 


* " Fly-by-wire  techniques " ;  Miller,  EM  Finger,  TR  AFFDL-TR- 
67-53,  July  1967. 
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CONCLUSIONS 


weight  savings  available  to  the  above  described 
advanced  technology  are  considered  to  be  realistic  for 
1976  IOC.  It  will  be  noted  that  the  develo^snent  costs 
of  material  and  tooling  was  not  considered  in  making 
the  advanced  technology  appraisal,  whereas  in  actuality 
cost  will  be  a  major  factor  in  the  evaluation  of  the 
next  decade's  technology.  However,  the  cost  argument 
may  be  countered  with  an  awareness  that  aerospace  manu¬ 
facturers  are  already  pressing  forweurd  structural  designs 
with  advanced  material.  19ie  best  example  of  this  is  the 
fact  that  the  roost  advanced  air  superiority  aircraft  to 
date,  the  Grumman  F-14,  is  proceeding  into  the  production 
stage  with  a  boron  composite  wing.  Grumman  also  has  a 
conventional  metal  wing  as  a  "backup"  design,  but  never¬ 
theless,  this  example  demonstrates  the  ready  willingness 
of  aerospace  to  go  into  major  components  with  new  materials. 
This  willingness  is  a  major  indication  of  the  fact  of 
significant  weight  reductions  with  advanced  technology. 
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Figure  125.  Trends  in  Integrated  Circuits. 
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SECTION  XIII 


TECHNOLOGY  TRADE-OFFS 


1.  DEMONSTRATOR  AIRCRAFT  WITH  SEPARATE  LIFT  AND  CRUISE 
P^RPiANTS 


A  production  version  of  a  stowed-tilt-rotor  aircraft  is 
likely  to  be  preceded  by  a  concept  demonstrator.  A  brief 
study  has  been  made  of  a  version  of  the  baseline  rescue 
aircraft  with  no  advanced  airframe,  materials,  or  propulsion 
technology  concepts.  Ilie  resulting  aircraft  is  shown  in 
Figure  130  and  a  weight  summary  is  given  in  Table  XXXVI. 

The  rotor,  wing,  tail,  body,  alighting  gear,  flight  controls 
and  tip-p^  groups  are  identical  with  the  1969  weights  for 
the  baseline  rescue  aircraft.  Fixed  equipment  is  also 
identical,  except  all  of  the  armament  and  1,000  pounds  of 
electronics  equipment  is  removed.  The  convertible  turbofan 
units  have  been  replaced  with  two  turboshaft  engines; 
cruise  turbofan  engines  have  been  added  on  the  aft  fuselage. 
Although  the  two  turboshaft  engines  replace  four  gas  gener¬ 
ators  in  the  baseline  aircraft,  the  demonstrator  is  still 
able  to  hover  at  sea  level  90  degrees  Fahrenheit,  which  is 
considered  adequate  for  a  demonstrator  aircraft.  With  a 
test  crew  of  two  pilots  and  two  flight  test  engineers  the 
aircraft  has  a  useful  load  of  over  18,000  pounds  for  fuel 
and  test  instrumentation  and  equipment.  This  should  be 
entirely  adequate  for  extended  test  flights.  Since  the 
shaft  engines  can  be  run  at  idle  power  setting  with  t}\e 
output  shaft  stationairy,  a  normal  situation  for  helicopter 
startup,  rotor  clutches  can  be  dispensed  within  the  demon¬ 
strator  aircraft.  Table  XXXVII  shows  a  breakdown  of  the 
turboshaft  and  cruise  fan  installation  weights. 

2.  ADVANCED  TECHNOLOGY  FOR  1980 


Table  XXXVIII  shows  the  anticipated  reductions  in  weight 
empty  for  the  baseline  rescue  aircraft  if  the  advanced  tech¬ 
nology,  airframes,  materials,  systems,  and  propulsion 
improvements  discussed  in  the  last  section  are  incorporated. 
The  total  reduction  in  weight  for  a  1980  IOC  date  aircraft 
is  2,360  pounds.  This  would  increase  the  radius  capability 
of  the  aircraft  by  approximately  160  nautical  miles  or 
alternatively  an  aircraft  built  to  the  mission  requirements 
would  have  an  initial  takeoff  gross  weight  of  approximately 
59,000  pounds  as  compared  to  the  67,000  pounds  of  the  1976 
technology  aircraft. 
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TABLE  XXXVI.  DEMONSTRATOR  AIRCRAFT  ffEIGHT  SUMMARY 


WEIGHT 
(lb) _ 

ROTOR  GROUP 

■mm 

WSBfM 

jmm 

■(■Bl 

WING  G*'CUP 

■mm 

iHBHB 

TAIL  GROUP 

_ l.lfiB 

imMHMi 

aoor  GROUP 

■■■■ 

■hm^^hhhbh 

■■■■ 

■■■1 

HIIIHMtfl 

■■hhm 

MMMM 

alighting  glar 

FLIGHT  CONTROLS 

■HLII 

EaGine  section 

■mm 

Tip  PoS 

2.130 

..prchilsion  group 

16.522 

*  i  . 

f'.CIVES(S) 

6.958 

i  j 

AIR  INDUCTION 

MMKTTTiM 

EXHAUST  SYSTEM 

CC  *  1  *’%G  SYSTEM 

mmm 

Lub..;"AT|NG  SYSTCV 

PUEL  SYSTEM 

2.100  1 _ ^ _ 

 :  1 

STARTING  SYSEEV 

^0  •  . 

1 

PROPELLER  INST. 

•DRIVE  SYSTEM 

: 

ALX,  POAER  PLANT 

182 

, 

INSTR.  A?,D  NAV. _ 

400 

:  1 

i  !  ■  ' 

292 

775 

500 

1 

- 

1  TURN,  u  EQUIP.  GROUP _ 

■1,152 

:iz~ ■ ^  -1 

vise.  EQUIPMENT 

p..R\iSHi\r.s 

' 

:  '   i 

EVtPG.  equipment 

.  AIR  cose,  i  DE-ICINf. 

519  * 

photographic 

- 

AUXILIARY  GEAR 

140 

1 

cargo  Handling 

i^^hbihmh^hhbhhbii 

MEG.  variation 

_ 480  : _ 1 _ 1 

AEIGHT  EMPTY 

47.934  1 _ ^ _ 

i  i 

FIXfO  USEFUL  LOAD 

935 

— 

i 

TRF* 

800 

I  1 

TRAPPED  LIQUIDS 

65 

ENGINE  OIL 

70 

FUEL  AND  CARGO 

18^131 

CARGO 

PASSFMCERS /TROOPS 

GROSS  AEIGHT 

67,000 

♦Includes  _  Pounds  of  Transmission  Oil 
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TABLE  XXXVII*  DEMONSTRATOR  AIRCRAFT  ENGINE 
INSTALLATION  WEIGHTS 


Item 

Turboshaft 

Installation 

(lb) 

Cruise  Fan 
(lb) 

Total 

(lb) 

Engine  Section 

765 

900 

1,665 

Engines 

2,570 

4,388* 

6,958 

Air  Induction  (FOS)  300 

300 

Exhaust 

350 

350 

Cooling 

15 

15 

30 

Lubricating 

30 

30 

60 

Fuel  System 

2,000 

100** 

2,100 

Engine  Controls 

75 

75 

150 

Starting 

200*** 

150 

350 

Drive 

6,224 

6,224 

Total 

17,179 

6,008 

18,187 

*  Spey  Jr . 

**  Lines  Only 

***  Multiple  Start 


r*YDP.  AND  PNEU, 

292 

1 LECTRICAl  gbcgp 

775 

,  1 

ILECTKSMCS  GROUP 

1.500 

1 

2,000 


■9fin  6.960  i  6.960 


r.ROGS  ALIGHT 


67,000 

1 

67,000 

1 

1  67,000 

67,000 

67,000 
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SECTION  XIV 


CONCLUSIONS  AND  RECOMMENDATIONS 


The  studies  presented  in  this  Volume  show  that; 

1.  The  three  basic  mission  aircraft  (rescue,  capsule  recovery, 
and  transport)  have  design  gross  weights  of  67,000,  78,000, 
and  85,000  pounds,  respectively. 

2.  A  multimission  aircraft  capable  of  fulfilling  all  the 
requirements  of  the  three  missions  has  a  design  gross  weight 
of  104,000  poxinds;  ^ven  if  the  use  of  a  common  propulsion 
system  with  different  fuselages  for  each  mission  version  is 
adopted . 

3.  The  rescue  mission  and  the  transport  mission  can  be  per¬ 
formed  by  aircraft  of  67,000-pound  design  gross  weight, 
having  a  common  lift/propulsion  system,  if  some  reduction 
in  the  transport  cargo  box  cross  section  is  made.  This 
compromise  still  gives  a  cargo  volume  larger  than  most 
fixed-wing  or  helicopter  medium  transport  aircraft. 

4.  A  broad  assessment  of  the  baueline  aircraft  handling 
qualities  shows  that  the  short  span  and  high  inertia  of 
the  configxiration  gives  rise  to  the  problems  of  inadequate 
roll  response  at  low  speeds,  and  roll  subsidence  euid  spiral 
stability  characteristics  vrf^ich  do  not  meet  military 
specifications. 

5.  Preliminary  assessment  of  the  stjnictural  dynamic  charac¬ 
teristics,  based  on  the  preliminary  component  design 
stiffness  and  mass  properties,  does  not  indicate  any  problem 
areas . 

6.  A  prototype  vehicle  could  be  designed  and  constructed 
utilizing  present  day  materials  and  fabrication  techniques, 
and  conventional  turboshaft  cind  turbofan  engines,  which 
would  be  satisfactory  for  concept  demonstration  and 
operational  evaluations . 

Based  on  the  aircraft  and  component  characteristics  determined 

in  the  Phase  I  Design  Studies,  the  test  program  detailed  in 

the  Test  Plan  for  Phase  II,  Document  D-213-10001-1,  is 

recommended . 

PREEEDINfi  PA6E  BlAfK 
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